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Sun— nr 

By  mui  of  *  station  network  built  wp  is  the  Istterstain  Mount  a  ini 
’’Sorthsrn  Alps),  continuous  recordings  of  atmospheric  alaotric  elements  wort 
carried  out  during  all  aaaaona  and  weather  conditions.  The  newer,  stations  are 
situated  at  different  altitudes  between  700  and  JOOO  m  above  aealevel,  their 
horisontal  distances  being  relatively  snail. 

Ths  potential  gradient  was  recorded  at  each  of  the  stations,  the  air  earth 
current  of  four  of  them.  Besides,  point  discharge  current,  g>herlca,  and  ths 
number  of  posltlvs  and  negative  small  ions  were  recorded  at  one  of  ths  stations* 
Ths  posltlws  and  nsgatlws  conductivity  of  ths  air  was  measured  through  several 
houra  at  eaoh  station  froa  ti—  to  ti—  in  f^s  weather.  The  nitrite  and  ni¬ 
trate  ion  oontenta  as  —11  as  ths  valos  oft  each  precipitation  were  determin¬ 
ed!  the  samples  were  colleoted  separately  for  each  precipitation  or.  In  the 
oases  of  longer  precipitation,  for  several  hours,  and  that  at  on*  of  ths  vallsy 
stations,  if  possible  s lmul taneoui 1 y  also  at  a  neighbouring  peak  atation. 
Meteorological  observations  were  aads  at  all  ths  statlonss. Fortunately  two  of 
ths  stations  ars  housed  at  observatories  ot  ths  Carman  Tsathsr  Service,  vhioh 
are  supplying  us  with  their  observation  results  and,  if  nssdsd,  rsoordai  at 
station  Tar chant,  where  are  our  "headquarter*"  and  which  commands  a  view  of 
almost  the  whole  station  network,  the  meteorological  observations  include  spe¬ 
cial  observations  on  cloud  development  and  precipitation  types. 

The  obtained  data  and  observations  wars  evaluated  extensively.  The  avera¬ 
ge  diurnal  variations  of  the  atmospheric  electric  elements  per  month  or  season 
at  the  different  stations  is  fins  — at her  ears  used  as  a  bass  for  the  study  of 
bad  weather  phenomena.  Since  the  ■ tat lone  are  e  sort  of  itsp-laddsr  through 
more  than  2000  a  of  atmosphere,  the  network  is  especially  fit  for 
cloud  and  precipitation  proble—  simultaneously  at  different  altitudes.  In  the- 
evalutatian  of  ths  reoords,  therefore,  relations  between  — teorologioal  end 
acoompeaylng  atmospheric  eleetrio  phenomena  —re  lookoi^and  found  out  for  In- 
•tanoe  with  respeet  to  space  ohargee  at  sheet  elemd  boundaries,  frequency 
of  sign  reversals  of  the  atmdaphsrle  eleetrle  slsmeats  s.t  different  altitudes 
during  unstabls  stratlfloetlons,  sign  end  sign  reversals  In  preolpitatlon 
with  ths  —It tag  sons  level  being  just  within  ths  station  network,  sto.  Thun¬ 
derstorm  proble—  were  approached  by  examining  snow  crystal  friction  and  break¬ 
ing  and  their  eleotrlosl  effeete  at  the  different  stations  during  drifting 
snow,  end  further  by  gathering  experieaoe  with  respect  lio  test  thunderstorm 
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forecasts  based  on  spherics  recordings  and  to  the  correlaticn  between  thunder* 
storm  occurrsr.ce  and  sun  flares »  The  nitrate  and  nitrite  contents  of  precipi¬ 
tation  proved  to  be  indicatory  of  atmospheric  electric  cor.ditlone  at  ouch  al¬ 
titudes,  too,  where  there  are  no  recording  stations.  Besides  the  eventual 
function  of  these  cor-taainanto  in  the  process  of  cloud  electrification  is 
considered. 

For  all  the  Beteorclogical  and  ataoapheric  electric  a ltuaticr.s  dealt  with 
air.gle  examples  are  described  ar.d  illustrated  by  recording  examples  showing 
the  records  of  the  sever,  stations  cne  above  the  other  on  one  figure  ("syn¬ 
optic  crarto"),  Peyond  thie,  the  results  cf  the  noaeric^l  and  otatistical 
analysis  of  the  atmospheric  electric  recording  curves  are  given  in  a  great 
number  of  graphic  representations. 
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1.  Introduction 

In  Technical  Report  AF  61  (514)-7J2-C  we  dealt  with  the  first  part  of  our 
atudlaa  an  etmoepheric  electricity  supported  by  the  Ceophyeica  Research  Directo¬ 
rate  of  the  OS  Air  Force  Cambridge  Research  Center,  ARDC.  Thia  Report  cowered  a 
period  of  two  years ,  during  which  the  station  network  was  completed  and  measur¬ 
ing  instruments  were  proved)  furthermore,  we  endeavoured  to  obtain  a  prelimina¬ 
ry  insight  into  the  manifold  forme  of  atmospheric  electric  phenomena,  the  multi¬ 
plicity  of  which  appears  clearly,  if  the  connections  with  meteorological  pro¬ 
cesses  are  considered.  It  was  necessary,  within  these  first  two  years,  to  ob¬ 
tain  order  and  survey,  to  classify  all  the  diverse  single  phenomena,  and  to 
arrange  them  according  to  types. 

This  classifying  and  finding  out  of  typas  was  carried  out  by  mesne  of 
"synoptic  ohmrte",  which  contain  all  the  records  and  obaervations  of  one  day 
from  all  the  stations.  A  more  or  lees  large  number  of  single  instances  were 
given  to  describe  and  astablish  the  single  types.  However,  already  in  tha  period 
covered  by  our  first  Technical  Report,  numerical  evaluations  of  the  single  cases 
were  started,  which  were  Intended  to  be  followed  by  a  statistical  treatment  of 
the  data. 

The  scope,  as  to  the  methods,  of  the  second  investigation  period,  covering 
the  two  years  26  Jens  1956  till  27  Jens  1958  and  described  in  this  report,  was 

a)  to  continue  the  recording  work  and  the  observations  as  completely  as 
possible,  in  order  to  increase  the  fundamental  material j 

b)  to  establish  and  apply  statistical  evaluation  methods 1 

c)  to  carry  out  additional  complementary  investigations.  In  order  to  make 
up  for  some  deficiencies  and  to  complete  the  whole. 

These  points  can  be  detailed  as  followei 

a)  The  station  network,  consisting  of  seven  station*  situated  at  different 
altitudes,  and  the  instruments  meed  as  yet  (see  section  2  and  5)  sere 
kept  on)  additional  atmospheric  electric  and  meteorological  recordings 
were  started  at  station  Farchant  (see  below  point  5))  see  Table  1. 

b)  As  a  base  for  the  statistical  evaluations  of  the  records  we  used, on  the 
one  hand,  the  eynoptio  chmrtei  J10  euoh  oharte  are  in  our  archives  till 
now 5  they  were  made  for  all  days  which,  owing  to  their  weather  conditions, 
could  throw  light  upon  relationship*  not  yet  understood.  On  the  other  hand, 
every  recording  day  was  entered  into  a  sard  index,  whioh  enables  us  to 
classify  systanmtioally  the  Individual  cases  and  to  discriminate  bet¬ 
ween  the  different  types. 

c)  With  regard  to  the  measurements  added  under  Contract  A T  61  ( 5 1 d ) — 949 , 
we  have  to  mention  the  precipitation  analyses  for  nitrats  and  nitrits 
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Iona  and  for  the  p^  -  ralu«.  These  analyses  war*  carried  out  systematical 
ly  and  aay  oosplst*  th*  insight  into  th*  ataospheric  electric  processes, 
•specially  into  thos*  which  talc*  place  during  th*  fonaation  of  rrecipi- 

tation. 

Besides,  station  Far chant  was  enlarged  considerably  by  adding  the  con¬ 
tinuous  registration  of  air  sarth  current,  point  discharge  current, 
aeteorological  aagnitudes  ( teaperature,  relative  humidity,  wind  velocity) 
and  of  the  number  of  positive  and  negative  small  ions  (by  tseans  of  an 
instrument  lsit  fro*  ths  Institut  ftir  Tschnischs  Elektronlk  der  Techni- 
schen  Hochschul#  Munch  an). 

The  scientific  objects  of  the  investigation  carried  out  under  Contraot  AF 
61  (514)-949  are  outlined  by  the  following  pointei 

a)  behaviour  of  ataoepherlo  electric  aagnitudes,  studied  eiaultaneouoly  at 
different  altitudes  In  ths  range  700  -  3000  a  above  seal aval ,  during 
all  type*  of  precipitation) 

b)  electric  phenomena  during  drifting  enow) 

c)  behaviour  of  ataoapherlc  electric  aagnitudes  below  and  near  thunder¬ 
cloud*  | 

d)  behaviour  of  ataoephario  electric  Magnitudes  during  foehn) 

•)  ataoapherlc  eleotrlc  processes  observed  at  aountain  stations  whan 
iasarglng  into  or  coming  out  of  fog) 

f)  electric  chargee  on  sheet  clouds) 

g)  values  of  electric  conductivity  of  the  air  at  different  altitudes  and 
their  dependence  on  convection,  wind  direction,  ataoepherlo  radioactivi¬ 
ty,  etc.) 

r.)  trial  thunder* torn  forecasts  by  means  of  spherics  records) 

a;  influence  of  sun  flares  on  ths  frequency  of  thunderstorms  and  sphsrios 

pulsss 

k)  correlations  between  nitrate  and  nitrite  concentration  and  value  in 
precipitation,  and  precipitation  type,  ataoapherlc  unstability,  and  at- 
aospherio  slsctrio  procssssa. 

Per  soes  of  these  studies  It  was  necessary  to  know  exactly  tbs  behaviour 
of  the  ataoepherlo  electric  aagnitudes  at  the  differsit  levels  In  fine  weather, 
i.s.  th*  monthly  and  seasonal  means  of  their  diurnal  variations  recorded  on  fine 
weather  day*.  Although  this  part  of  th*  numerical  evaluations  was  not  one  of  the 
sain  subjects  of  th*  vork,  we  could  not  do  without  it)  it  was  aeds  possible 
through  a  subsidy  of  th*  BBDTSCHZ  POBSCHCWOSCBOtUSCHAPT.  V*  wish  to  express 
our  thanks  for  this  essential  help. 
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In  the  court#  of  th#  two  years  covered  by  this  Report,  it  became  quite 
clear  that  our  station  network,  being  a  etep-ladder  of  seven  station#  situated 
at  different  altitudes.  Is  specially  appropriate  for  investigating  the  behavi- 
cur  of  atmospheric  electric  aagnltudea  during  precipitation.  Our  synoptic 
set  hod'*'),  l.e.  the  unifora  and  simultaneous  coaparatlve  evaluation  of  the  syn¬ 
chronous  records  and  observations  of  all  the  stations,  proved  to  be  suitable 
here  and  in  some  other  respects.  In  thle  Report,  therefore,  the  results  obtained 
from  the  precipitation  studies  shall  be  described  with  more  details  than  the 
others. 

It  Is  the  purpose  of  this  Report  to  give  an  insight,  which  Is  sore  pro  - 
found  now.  Into  thw  ataoepherlc  electric  phonoaena  observed  at  different  alti¬ 
tudes  during  different  aeteorologlcal  conditions  and  influences,  great  care 
being  ta>en  that  the  results  should  not  only  be  demonstrated  by  Individual 
cases,  but  expressed  quantitatively  after  a  statlatioal  evaluation  of  aany 
cases. 

On  the  other  hand,  it  could  not  be  the  purpose  of  this  Report  to  develop 
and  dlecusa  theories  for  the  correlations  found,  nor  to  give  the  existing  lite¬ 
rature.  Soae  theoretical  studies  were  already  begun i  we  are  Intending  to  carry 
thea  through  In  the  future,  and  also  to  collect  further  experience  and  to  com¬ 
plete  the  picture  by  continuous  recording  and  observations. 


t.  leoordimc  Instruments 

The  instruments  used  are  described  in  detail  in  Technical  Report  17  61 
(514)-7J2-C.  The  equipment,  which  till  now  provwd  to  be  suitable  for  the  in¬ 
vestigations  carried  out,  was  not  changed  essentially  except  the  following* 

a)  At  station  farchant,  the  aumber  of  positive  and  nagatlve  snail  ions 
his  baen  recorded  continuously  einoe  October  1 957 •  The  apparatus  used  for  this 
purpose,  ale  already  mentioned,  was  lent  by  the  Institut  fUr  Teohnieche  Elektro- 
nik  der  Technlschen  Bocheohule  HU no hen |  it  was  developed  and  built  by  this 
Institute  aooording  to  the  same  prinolple  as  is  spplied  in  the  recording 
instrument  described  by  MUhlelaen  uad  Creutxberg  (see  Mfoleisen  (1957)  ). 

b)  At  Farchant,  also  the  registration  of  the  point  discharge  current  was 
udded.  A  •'olnt  at  about  6  a  above  the  ground,  aade  of  ctainlees  steel  (V4A),  ie 
’.sed  for  tnln  ourpoee.  The  point  diecharge  current,  passe<  through  a  staple 
anrlifler.,  la  recorded  by  an  electronic  potentiometer  recorder  (eee  below).  Por 
recording  resulte  we  refer  to  section  14* 

*)  for  nore  details  on  thle  method  see  Report  AP  61  (514)-732-C 
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c)  Sinoe  fall  1957 ,  at  Tarohant  tha  ataoapherlo  eleotrio  data  (potential 
gradient,  air  earth  currant,  aaall  Ians  both  slgra ,  point  dlsoharge  currant) 
have  baan  ra corded  by  meant  of  an  alaotronlo  potentiometer  recorder  (Siemens  A 
Halaka,  Hartmann  A  Braun).  We  got  this  intrumsnt  a a  a  loan  of  tha  fin  Siemens  A 
Halaka.  It  is  poaalbla,  with  thla  twelve-channel  dottad-lina  raoordar,  to  re¬ 
cord  12  diffarant  eleaents  on  tha  ease  sheet,  tha  diatanoa  of  tha  single  points 
being  4  seconds,  thus,  if  12  different  elements  a re  recorded,  48  aaconda  for 
each  uleemnt.  Thla  electronic  potentioneter  recorder  prcnred  to  be  very  appro- 

rlate  for  our  work.  For  recording  examples  sea  figure  loj. 

d)  Since-  January  1957,  we  ha  be  baan  able,  through  a  grant  of  tha  Allgwaelne 
hlactrlclthtagaaellaohaft  (ABO)  Berlin,  to  record  continuously  at  Tar chant 

wind  velocity,  senith  brightness,  relative  humidity,  and  taapaTatura  with  one 
point  recorder  on  one  sheet.  So  the  coaparlson  of  aeteorologioal  and  ataoapherlo 
electric  curvee  la  aade  vary  easy. 


3.  Tha  Station  Network 

Tha  localities  and  tha  number  of  tha  stations  for  ths  ataoapherlo  eleotrlo 
recordings'  have  not  been  changed  since  our  Technical  Report  AT  61  ( 51 4 )  —7 3 2— C | 
nevertheless,  for  ths  direct  understanding  of  tha  statements  end  results  pre¬ 
sented  in  the  following,  it  aeaaa  useful  so  give  a  short  survey  of  the  etationa 
once  acre. 

In  table  1,  names  with  Ahbrevations  of  the  stations  are  given,  further 
their  altitudes  above  aaa  level,  type  and  beginning  of  the  respeotive  recordings, 
and  their  geographical  situations. 

In  table  2,  we  present  the  relative  situations  of  ths  stations,  l.s.  their 
horizontal  and  vertical  distances. 

Tig.  1  is  a  staple  asp  of  ths  shape  of  the  region  and  tha  situation  of  ths 
stations.  The  highest  mountain  range,  extending  nearly  in  east-west  d treat ion , 
is  called  VBTTEB3TSIRCKBIBCK  (Vetterstein  Mountains) ,  the  highest  peak  of  whioh 
is  the  ZUGSPITZ*.  The  Vetterstein  Mountains  as  well  as  Caralsch  and  our  ’’head¬ 
quarters”  F archant  are  situated  in  the  northers  Alps. 


Station  Net*or* 


Table  2 


Kane  of  the  station 


Farchant 


Carnisch 


Eibaee 


Obernooa 


Pi f felrias 


?Tanlc 


Difference 
in  altitude 
between 
station  and 


horizontal 

distance 

fron 


Zucspitze  Peak  (Z) 
Wank  Peak  (w) 


7514  fz) 
3624  (W) 


7410  (Z) 

5526  (W) 


6432  (Z) 


4530  (z) 


3890  (Z) 


miles 


9.08 

(z) 

1.50 

(W) 

7.^2 

( Z ) 

1.99 

(*) 

2.42 

(2) 

2.06 

(2) 

0.93 

(2) 

9.01 

(2) 

la  kh 
~t  mjrs 


Pi^ur*  1 

The  station  network 
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4.  TIM  behaviour  of  atmospheric  slectrlo  magnitudes,  observed 
alaultaasouely  mi  different  altitudes,  during  precipitation 

4.1.  Behaviour  of  atmospheric  elaotrlo  maanltudee  on  typical 
days  ggrogi  with  thm  help  of  synogtlo  oharts 

although  we  shall  fltt  a  statistical  evaluation  of  the  results  in  aeotlon 
4.2.  and  although  in  Taofanioal  Raport  4 I  61  (514)-7J2-C  a  number  of  individual 
lr.atanoaa  hava  baan  oraaantad  already,  it  seems  r.ot  to  ba  advisable,  in  thla 
Technical  Raport,  to  omit  auch  individual  inatanoaa,  whathar  with  reenact  to 
precipitation  nor  to  all  the  other  problem* t  there  are  aoa«  raaaonat 

a)  Further  instructive  axaaplaa  have  baan  collected  theaa  tvo  yea ra.  They 
ahaJ 1  not  ba  withheld  from  the  reader. 

b)  Cvary  atatiatioal  evaluation  la  baaed  on  simplifying  and  schematising 
prooedurea  applied  whan  obaarvad  facta  or  curves  are  tranalatad  into 
significant  numbers.  With  all  carefulness  it  is  within  one's  diaoratlon 
to  obooaa  the  aaana  and  methods.  Therefore,  we  want  the  reader  hiaaelf 
to  hava  the  opportunity,  by  aaana  of  the  individual  caaaa  and  original 
records,  of  checking  if  the  elaborated  and  concentrated  results,  wioh 
will  be  given  later-on,  represent  the  circumstances  aatiafaotorily,  if 
essential  details  are  omitted,  or  If  quite  different  viewpoints  could 
be  found  with  respect  to  the  evaluation. 

Va  have  atlll  to  point  to  a  fact,  which  aust  be  always  oonaidarad  whan 
looking  at  our  records  and  tbalr  evaluations!  in  our  aqulpaent,  the  air  earth 
currant  la  always  measured  with  aerials,  the  croee  section  of  whloh  is  eo  email, 
that  the  precipitation  charges  falling  down  on  the  aerial  hava  no  significant 
influence  on  the  recorded  value*.  Thua,  during  precipitation,  the  preolpitatlon 
current  does  not  contribute  to  the  measured  current.  Thie  must  be  taken  into 
acount,  whan  our  reaults  are  compared  with  thode  of  other  investigators  (e.g. 
Chelae re  (195$),  who  measures  the  total  current  including  the  preolpitatlon 
current).  In  view  of  our  method  it  le  not  surprising  that,  in  oSu$re cords  ob¬ 
tained  during  precipitation,  nearly  always  currant  and  potential  gradient  show 
the  same  sign.  It  is  not  neoessary,  therefore,  to  view  the  behaviour  of  currant 
und  potential  gradient  separately  in  our  evaluations  of  records  which  are  obtained 
curing  preolpitatlon. 

4.1.1.  Shower  precipitation 

To  begin  with,  let  us  deal  with  some  axaaplaa  of  light  asperated  a ho ware, 
-nrreBfr'ited  by  the  figures  2-6.  Saldoa  we  find  during  shower  precipitation 
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Botes  to  the  Synoptic  Chart* 


111  curres  are  to  ba  read  fron  right  to  left .  Tie* 
data  a ra  given  in  Cantral  European 
Tima  (CET  -  M3E).  Distancaa  of  t Ijm  narks  t 
ona  hour . 


S  recorded  potential  gradient  1  . 

>  heavy  oontinuoua 

1  recorded  air  earth  currant  linaa 


Monthly  aaana  of  K  and  1 
calculated  for  each  hour 
of  fina  weather  days 


light  daahed  linaa 


At  the  left  margin  in  largw  clrcleat 
abbreviations  of  the  stations  (so* 
tables  1  and  2  and  figure  1) 


e.g.i 


Belov  the  curraa  auf  stations  Z  and  Tt  cloud  amount 

(D  V«»  0  2/8;  0  3/81  0  V8» 

05/8,  0  6/8,  Q  7/e,  0^8, 

and  species  of  ths  clmuds  abbreriated. 


Type  and  duration  of  precipitations,  fog,  mist,  etc. 
are  entered  in  the  reapectire  records  as  follows! 


#  rain 

^  driasle 
y  shower 


■)f  rain  and  snow 
•  mixed 


A  graupel 


A  h*u 


17  thunder-  I17|  distant 

storm  ['a/  thunderstorm 


—  fog  ~trb. 

“  strong  mist 


drifting  fog  CO  moderate  mist 


drifting 


snow 


Intensities!  0  -  slight,  1  -  moderate!  2  -  strong 


Pigura  2 

Light  a*p*r*t»d  »ho*«r* 
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the  sign  of  the  potential  gradient  to  be  predominantly  the  same  at  all  levels 
(Figure  2).  In  Bruch  more  cases  the  curve  ahapee  of  all  levels  differ  from  each 
other  during  the  aaae  snower  (Figure  3»  12-14  h;  Figure  4  and  6).  Further,  it  ia 
a  fact  that,  during  shower,  the  transition  of  the  precioitations  from  the  solid 
Into  the  liqu.d  state  and  vice  versa  haa  no  influence  on  the  shape  of  the  record¬ 
ed  curve  (Figures  2,3»4).  Studying  these  and  other  examples,  we  notice  that 
•light  showers,  especially  at  station  Zugspitze,  cause  a  negative  potential  gra¬ 
dient.  At  peak  stations  for  instance,  a  predominantly  negative  foreign  field*) 
is  superimposed  upon  the  fins  weather  potential  gradient  even  then  already,  when 
the  "mature  stage"  of  a  cumulus  cloud  ie  beginning.  There  are  many  observations 
(see  below)  which  show  that  such  a  negative  foreign  field  exists  already  before 
precipitation  fal'lng  out  of  the  cumulus  cloud  arrives  at  the  otation.  However, 
we  are  not  able  to  decide  whether  in  these  cases  precipitation  haa  been  already 
formed  In  the  cloud  and  ie  hovering  because  of  anabatic  winds,  or  whether  there 
are  great  field  strengths  built  up  already  before  the  formation  of  precipitation 
(yonaegut  and  Moore  (1958)|  Moore,  Yonnsgut  sold  Botka  (1956))  • 

In  Figure  5,  w«  see  an  example  of  negative  foreign  fields  recorded  at 
station  Zugapitze  below  Cumulus  congestus  clouds  with  the  rain  being  very  alight 
in  each  case  of  negative  notch.  Already  these  very  slight  "showers”  exhibit  the 
typical  alteration  of  the  curve  shape  with  heighti  negative  values  during  the 
rain  at  high  levels,  finally  positive  ones  at  low  levels.  Such  sign  reversals 
of  the  potential  gradient,  being  quite  unsystematical  in  general,  are  typical 
of  light  shower  precipitations.  By  the  way,  they  oust  not  be  confused  with  an 
other  phenomenon,  from  which  they  differ  escentiallyi  with  the  sign  revsrsala 
of  the  foreign  field  in  non-showery  precipitation  ,  occurring  when  the  physica7 
state  is  changed  (see  sections  4.1.2,  4.2.3.,  4.2.4.). 

Light  thundery  showers  do  not  differ  essentially  from  light  non-thundery 
showers  (Figure  6  /  Figure  4). 

Heavy  showers  (Figure  7)  differ  from  light  showers  only  by  greater  positive 
and  negative  amplitudes  of  ths  foreign  field.  A  correopo.’.denoe  of  the  course 
of  the  reoorde  st  the  different  stations  is  only  seldom  observed  during  hoavy 

showers. 


+ 1  "Foreign  field"  means  that  additional  potential  gradient  which,  oaused  by 
precipitation-  or  cloud-charges,  is  superimposed  upon  ths  potential  gradient 
as  it  would  be  in  fine  wea'her 
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The  variations  of  tho  foreign  field  have  especially  greet  amplitude*  and 
are  very  rapid  and  frequent  during  and  after  oold  front  passages  (Figures  8  -  12), 
and,  without  cold  front,  aleo  in  the  oaae  of  contlnuoue  great  unatability  of 
the  atmosphere  (Figure  13),  Already  from  the  individual  ezaaplee  preaented  we 
aee  that  obviously  the  freqaenoy  of  the  sign  reversals  of  the  foreign  field 
ie  the  higher,  the  greater  ie  the  ataoapherio  lability. 

Further  it  haa  been  observed  that,  at  high  altltudea,  the  frequeaoy  of 
the  eign  reversals  of  the  foreign  field  la  eoaewhat  laaa  than  at  lower  levels 
(aee  Figure  13  ,  which  gives  an  extreme  example). 

In  thla  section  we  have  to  mention  a  further  phenomenon,  which  In  the 
statistical  evaluations  beooaea  lees  manifests  If,  by  upsllda  motions,  Alto- 
stratus  la  formed,  whloh  more  and  more  becomes  thicker  end  turns  into  Him bo- 
stratus,  the  potential  gradient  at  all  stations  is  decreased,  during  this  process 
far  below  the  fine  weather  value,  a  long  while  before  preoipitatlon  oomes  down 
( Figure  11,  19  -  22  h).  The  first  preoipitatlon  out  of  such  a  Altostratua  or 
Nlmbowtratus  cloud  forced  by  upellde  notion  arrives  at  all  stations  in  a 
negative  potential  gradient  (Figure  11,  21  -  22  bf  Figure  12,  15  hj  Figure 
13,  18. 30).  It  makes  no  difference,  «ha*  type  of  precipitation  is  falling, 
whether  enow,  or  graupel,  or  vain  etc. 
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Figure  13 
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4.1.2.  Noa-ahowery  nreolpltatlon 

4. 1.2.1.  Light  precipitation  out  of  iltoatratua  or 
Nlmboatratus 

Let  ua  bag la  with  individual  oaaaa  of  light  precipitation,  firat  auoh 
ojt  of  iltoatratua.  Hara  tha  aa aa  ia  trua  aa  vaa  aaid  above  about  preclpi- 
tatlon  out  of  Iltoatratua  (aaa  hara  Flguraa  14  -  K).  Tha  potantial  gradient 
la  predominantly  negative,  where  precipitation  out  of  iltoatratua  arrives  at 
tha  station,  whether  it  ba  rain  or  anov.  Thara  art  alao  axoeptlons,  of  oouraa 
(Figure  17)i  negative  potantial  gradient  at  tha  lover  levela  in  rain,  but  po- 
aitlva  potential  gradient  in  alnultaneoue  anov  falling  out  of  iltoatratua 
higher  up.  We  point  especially  alao  to  Figure  14i  it  21.00  there  vara  only 
single  drops  or  tralla  of  precipitation  abova  tha  atatlon.  Nearly  alvays,  alao 
in  auoh  oaaaa  only  negative  potential  gradient  la  observed  thua  even  whan 
tha  precipitation  doaan't  touch  upon  tha  ground  at  tha  atatlon,  but  la  hover¬ 
ing  about  it. 

During  light  non-ahovery  preoipltatlon  out  of  Cumulus  or  Nlnboatratua 
clouds  ve  find  predoalnantly  positive  foreign  flald  at  a  atatlon  where  anov 
la  falling,  and  a  negative  one  at  a  atatlon  vhara  rain  or  vet  anov  is  falling 
(Figures  10-20). 


4. 1.2. 2.  Heavy  or  continuous  precipitation  out  of 
Nlnboatratua 

This  last  statement  of  eeotlon  4. 1.2.1.  is  trua  alao  for  heavy  or  con¬ 
tinuous  precipitation  out  of  Nlmboatratus.  The  case  of  rain  at  all  tha  statlone 
la  demonstrated  In  Figure  21,  tha  case  of  anov  at  alia  the  stations  in  Figure 
22.  In  vain,  negative  foreign  field  la  by  far  predominating!  single  thin  posi¬ 
tive  points  occurring  are  seldom.  In  anov,  positive  foreign  field  la  ->redonl-- 
rating.  With  raapeot  to  anov,  however,  ve  have  to  make  a  complementary  atate- 
menti  It  has  been  ascertained  again  and  again,  without  exception,  that  tha 
base  of  Nlmboatratus  carries  negative  charge,  Independent  of  whether  anov  Is 
falling,  or  rain.  In  cases  of  no  precipitation,  therefore,  the  potential  gra¬ 
dient  la  much  lover  below  the  Nlmboatratus  cloud  than  in  fine  weather,  mostly 
between  slightly  positive  and  allghtly  negative.  Where  there  la  rain,  the 
"negativity"  la  inoreasedi  where  there  la  anov,  tha  positive  foreign  flald 
caused  by  the  snow-fall  ia  in  competition  at  stations  belov  the  cloud  bass 
with  the  negative  foreign  field  oauaed  by  the  oloud  base.  This  means,  that  the 
potential  gradient  mostly  exceeds  tha  fine  wheather  value  during  dense  anov 
fall,  but  Usually  remains  belov  the  fine  veather  value  during  very  alight 
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snow-fall,  aa  la  clear  in  Figure  22  especially  at  stations  Farchant  and  Car- 
oltoh * 

If  anew  it  falling  only  at  part  of  tha  ntatlona,  hlpher  up,  ehl!e  at  the 
it  .ar  atationa,  at  lower  ataoapharlo  “floors”,  thar*  la  rain  at  the  asms  t  u«, 
than  thw  foreign  flald  it  prepondei antly  positive  at  tha  atationa  with  anon, 
tut  preponderantly  negative  at  tha  lovar  atationa  where  it  la  raining  (Figu- 
raa  23  -  27).  TMa  ia  indepwndait  of  tha  height  nharo  tha  tranaition  froa 
anon  irto  rain  takes  plaoa,  for  .netanoe  ahathar  (at  higher  levels)  batwaan 
'ugspitis  and  Wank,  or  (in  tha  valley)  between  Klbaaa  and  Farchant.  It  la  In¬ 
dependent  aiao  of  ahathar  part  of  thr  etailon*  la  ^thln  tha  cloud  or  not. 

fha  conditions  ara  tha  aaaa,  If  tha  change  froa  anoa  to  rain,  and  view 
verse,  takas  plaoa  not  only  with  regard  to  spans,  but  also,  at  on a  or  aora 
Individual  stations,  with  regard  to  tlaai  aa  In*  a a  thara  la  anoa,  tha  Mr  sing 
flald  is  prapondaraamtly  poaltivs,  during  rain,  It  aa  preponderantly  nvgatlv* 
(Figures  28  -  51). 


4. 1.2. 3.  Periodical  variations  of  tha  foreign  flald  during 
precipitations 

In  Flguraa  32  -  55  as  aaa  axaaplei  of  a  oaaa  found  ralatlvaly  aeldoa, 
nuaaly  that  during  quiet,  uni  for*  nonanoaary  precipitation  there  ara  sign  re¬ 
versals  at  the  foreign  flald  whlol.  ara  not  connected  with  or  not  cauaad  by  a 
change  in  vue  physical  state  of  tha  precipitation.  These  reversals  Of  tha  sign 
of  tne  foreign  field  ara  nearly  rhythmical ,  alternating  alaost  regularly. 
Reviewing  synoptical  ly  tha  rac -rde  of  all  tha  stations,  we  find  two  typaai 

a)  tha  alaoat  rhythaloal,  regular  rwvarwals  of  tha  alga  of  the  foreign 
flald  ara  rsoordad  at  every  station,  partly  even  a  -h  a  ralatlvaly 
good  taaporal  oolnoldanoa  existing  froa  station  to  station 
(right  hand  side  of  Figure  32i  Figure  13)1 
b>  tha  rwraraala  ara  rsoordad  aaly  at  tha  valley  ate. Iona  and  doan't 
show  any  ralatlaasbip  with  tha  records  of  tha  higier  stations 
(right  hand  aide  of  Figure  '4 i  Figure  35). 

4. 1.2. 4.  Spools'  oases 

Finally,  wa  cava  to  aar 1 1  aa  aaaa  apeolal  rasas,  shi  jh  ooour  only  aeldoa, 
but  cavarths leas  eoaaid  b«  laps  riant  la  •  fa  tar*  diaouaal  «i  of  thoorwtieal 
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Pl*rura  51 
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rn)  Oooaaloaoll;,  aor«  or  lata  rapid  and  frequent  variation*  of  tha 
forel*o  field  aro  found  during  unlfrm  rtlni  oftoa  tho;  toko  plaoe 
eepeolall;  within  thw  area  of  negative  values  (Figure  56),  eeldoa  tho 
curves  have  o  tendeoo;  eiwe  to  positive  roiuoo  ( Figure  37).  It  Is  brib¬ 
ing  that  this  phonoMSOB  Is  aot  1  Lai  tod  to  onl;7stettoQ,  but  that  all 
tho  stations  ozhibit  tho  teas  curve  oharsotor,  although  tho  variations 
of  t*,«  elngl*  stations  a>st ly  differ  froa  oaah  other  In  tho  frequenc;. 
Thus,  in  all  Uot.  caaoa  there  oust  bo  a  aora  than’ local  cause. 

b)  Tor;  sold  a  wo  find  an  invars*  behaviour  cf  the  foreign  field 
during  non-or.owory  precipitation,  s.g.  continuously  negative  values  In 
snow-fall  (olthoug  not  out  of  dltoatratual )  (Figure  38,  stations  tank  and 
Riffs' . tee),  or  posit i-. e  values  during  rain,  with  negative  veluww  possible 
at  thw  aaaw  tlae  at  otr.ar  stations  (Flgurs  39). 

0)  Tar;  awldos  it  haopena  that  tha  transition  cf  rain  Into  snow  doe# 
not  causa  a  rwvwrwal  frt  1  tha  nacatlv#  to  tha  poaltlva  sign  of  tha  foreign 
field,  and  vice  verse  (provided  conditions  are  non-shower;  and  tha  oloud 
la  not  kltoatratua).  In  Figure  40  we  aee  that  at  tha  stations  Riffelrias, 
tank  and  Zugepitze  poaltlva  foreign  field  exists  duping  enow-fell,  while 
at  the  lover  stations  Oberoooe,  Klbaee,  Oarolech,  and  Fare hen*  during  rain 
and  drixala,  high  positive  values  are  recorded,  too,  wnich  rose  In  after 
the  following  transition  Into  anew. 
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Table  3 


r 

Cloed  type 

Preoipl  tat  Ion  type 

Type  and  number  of  oases 

(obeerred  1955  ♦  1956  ♦ 

1957) 

uni fora  enow 

posit  Its  foreign  fleldi 

177 

negative  foreign  fleldi 

.  n 

dleboetretue; 

variations  of  for, field 
parallel  at  more  than  2 
stations!  . 

18 

■table 

aelt Lax  snow 

foreign  field  shoes 
sign  reversals* 

110 

foreign  field  shows 
no  sign  reversals!. 

.5 

stratification 

uniform  rain 

positive  foreign  fleldi 
negative  foreign  field* 

10 

165 

variations  of  for. field 
parallel  et  more  than  2 
stations!  . 

16 

uni  fore  enoe 

positive  foreign  fleldi 

5 

Altoatratua 

negative  foreign  fleldi 

53 

or 

melting  enoe 

foreign  field  shows 

Aitoatratua 

sign  reversaloi 

0 

being 

foreign  field  shows 

transformed 

no  sign  reversals* 

48 

Into 

uni  fore  rain 

positive  frrelgn  fleldi 

7 

Ihaboatratua 

negstlve  foreign  fleldi. 

.57 

(upellde  oloude); 

below  trails  of 

port  It  Its  foreign  fleldi 

2 

(table 

preolpltat loo 

negative  foreign  fleldi 

15 

etretl f loat Ion 

i 

ohaotlo  course  of  for. 
field  et  all  etatlonei 

1  30 

rein  showers 

variation*  cf  form  ft  aid 
parallel  *t  *nra  than  ? 

Cuwulue 

or 

stetlonei 

46 

clouds j 

(now  (bowers 

vurlatlone  of  for. field 
antiparallel  et  more 
than  etatlor.e 

4 

foreign  field  shoes 

unaltbl • 

as It  Lag  area  pel 

sign  reversals 

foreign  field  negative, 

0 

■  t ret  1  float  tea 

no  e lgr  reversals 

36 

light  isiwi.w 

emly  negative  for. field 
at  station  St^eplteai 

75 

'-■mine 

11^1  skewer  durUg 

pssitlve  ferwl#i  field* 

53 

j  congests# 

er  after  building  I) 
ef  the  feretgp  field 

e*gn*t*"s  fere fleldi 

2 
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^.2. Reunite  of  th*  etatletloal  -  eynottic  evaluation* 

4.2,  Sumj  on  total  auibtn 

In  table  3  tf  wmj  If  fiver* ,  ei.ich  »m  obtained  by  ntimberlng  the  ceeee 
of  the  different  type*  of  potential  gradient  behaviour  during  the  respootiv* 
precipitation  and  cloud  typee.  For  thle,  our  oard  Index  ( aeo  Introduction)  wee 
ueed,  which  now  coaprieee  the  ye&ra  1955.  1956.  and  1957. 

4.2.2,  Snow  ehowere  and  rain  ehowere 

For  every  etation  and  every  preolpltatlon,  l.e.  for  avery  ooherrnt  eepa- 
rate  rain  or  enow  period,  we  oaloulated  by  aeane  of  the  "synoptic  chart*", 
during  what  peroentage  of  the  total  precipitation  duration  there  wae  poeltive 
foreign  field.  The  total  duration  of  euch  a  precipitation  period  wae  considered 
lOOjt.  Further,  the  number*  of  eign  reversal#  of  the  foreign  field  per  hour 
acre  determined  for  tho  ease  precipitation  period*.  The  fin*  weather  value  of 
the  respective  hour  end  month  (***  section  15)  ww*  the  baas  for  the  calculation 
of  theea  two  magnitude*!  the  foreign  field  le  aaeumed  to  be  poeltive,  where  the 
potential  gradiant  la  abbwa  tba  light  daahed  llna  ar.terad  In  the  synoptic 
charts  for  each  station  and  representing  the  average  dally  variation  par  month* ) 
(tea  foot-note  peg*  15),  ill  our  synoptic  chart*  of  the  yean  1955*  1g,>6  and 
1957,  l.e.  a  total  of  310  synoptip  chart#,  war*  evaluated  It.  this  manner. 

Oete  obtained  during  an  axouraion  to  the  Zugepitxplatt  in  *953  (**•  Tachnioal 
Report  IF  61  (514^-752-C)  were  also  Included. 

Then  for  e.iah  of  tn*  station*  the  arithmetic  mesne  of  the  magnitudes  were 
calculated  over  all  precipitation  periods. of  the  3  year*,  l.e.  over  the  number 
of  rv'ordlng  hour*  entered  at  the  right  hand  margin  of  the  following  flgurve. 

In  the  figures  of  section  4.2.2.  and  4.2.3,,  tha  assn  peroantageV ef  the  pre¬ 
cipitation  duration,  which  have  positive  foreign  field,  always  aro  designated 
by  *jt  positive*  and  represented  by  blsoh  columno,  while  the  mean  number*  of 
the  wlgn  reversals  of  th#  foreign  field  per  heur  a.  e  designated  by  "ohaagee 
p.t."  end  represented  by  white  coluam*. 

In  Figure  41,  the  result  for  rala  eh  were  le  given  synoptical  ly  for  r.ll 
stations.  The  foreign  field  during  rain  ehoear  le  poeltive  for  30  -  4C  %  >f 
the  precipitation  duration,  depending  ua  *he  statin'*.  The  surnbwr  of  its  sign 
reversals  per  hour  is  be twees  2.2  and  3.  The  largest  frequencies  of  elgr.  re¬ 
versal*  are  found  si  the  valley  stations. 

During  enow-shower  (Figure  42),  the  foreign  field  1*  positive  in  40  -  SO  % 
of  th*  total  preolpltatlon  d  .ration,  >»  peroentag*  which  lw  net  considerably 
higher  them  the  value  found  fwr  rain  whowwr.  The  number  of  th*  reversal*  pe. 
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hour  during  anoa  ahoser  la  alaoat  tha  same  as  during  rain  ahoser  (?,2  -  ?.7). 

Nalthar  in  rain  shower  nor  in  anoa  shoaar  an  influanoa  of  tha  altitude 
of  tha  atatlon  on  tha  positive  foral gr,  field  la  found. 

If  aa  do  not  dlaorinlnata  batasan  tha  altltudaa  of  tha  stations,  but 
betaaan  three  atmospheric  "floora"’  chosen  according  to  tha  physical  state  of 
the  -irecl  p  1  tat  ion,  thus 

a)  enow  ehoeer  zone 

b)  melting  zone,  ahere  the  transition  from  solid  to  liquid  stats,  or  vies 
versa,  taxes  places  here  ahoeery  anoa  can  be  aixad  alth  ahoaary  rain, 

c)  rain  ehoeer  rone, 

then  ae  obtain  Figure  43*  the  transition  from  the  anoa  ehoeer  zona  to  tha 
melting  zone  involves  a  light  decrease  of  tha  positive  foreign  field  percenta¬ 
ge  to  a  value  ahlch  is  the  lama  aa  in  the  ra‘ r.  shoaar  zona.  Tha  frequenoy  of 
sign  reversals  ia  aooeehet  grate-  in  tne  ■siting  zone  than  in  tha  tao  other 
zonea. 


figure  45 

Foreign  field  and  its  »i*n  raver*  tie  during  stover  in  the  threw  uaiz 


precipitation  aonea 


4.2.3.  lon-ehoeenr  precipitation!  lnportanoa  of  tr»  MiiilUL, 

ussasi 

A  quit*  different  plotur*  result*  fro*  so  analogous  investigation  of 
non-ahoverp  precipitations. 

During  act Tor*  ruin  (figure  44)  th*  positive  foreign  fl*Xd  percentage  1* 
onlp  a  -  12  %,  and  th*  Duabur  of  aign  reversals  of  th*  foreign  field  per  hour 
0.7  -  1.2  „  Thu*,  both  aagnltudse  are  **ull*r  than  in  th*  om*  of  ruin  *ho**r. 

During  uni  for*  tnov  (Figur*  4$)  th*  mag*  of  tb*  frequencies  of  sign  rever¬ 
sals  1*  about  th*  *aa*  aa  during  uri for*  ruin,  but  th*  positive  foreign  field 
paroen tag*  1*  **eh  higher  than  during  ualfor*  ruin  (60  -  90  jt) . 

If  **  again  dlsorlaiaat*  bet**** 

a)  a  one  of  ualfor*  mo* 

b)  aeltiag  sone,  shore  the  transition  fro*  solid  to  liquid  state,  or  vlo* 
versa,  take*  placet  here  snov  oaa  be  aired  with  rain, 

a)  son*  of  ualfor*  rain, 

then  v*  obtain  Figure  44.  It  differ*  fUndaaentalljr  fro*  figur*  4).  In  tho  or** 
of  aon-ahowerp  precipitation*) ,  th*  Belting  prooees,  aa  Is  suggested  bp  this 
figure  46,  is  oeupled  elth  those  prooesaes  vhioh  cause  the  sign  reveiaal  of 

tho  foreign  field.  If  another  tone  ear*  eoupled  with  th***  proc*s**s,  th*  blaok 

m 

ooluana  of  th*  salting  eon*  would  b*  th*  aa**  a*  for  snoe,  or  th*  saaevfoi  rain, 
and  not  in  th*  alddl*  of  th*  sequeae*.  >*  not*  further  that  the  ti&i  reversals 
are  *or»  frequent  in  the  Belting  tone  than  in  the  snow  and  th*  rain  ion*. 

Thar*  is  e  slapl*  reason  for  thisi  th#  transition  fro  a  the  rain  "floor"  to  the 
enow  "floor",  or  vie#  veree,  lnvolvee  et  leest  owe  aign  ravaraal,  and  that*  aign 
ravareala  alwap*  are  added  to  th*  aign  ravaraal*  occurring  in  to*  Baiting  ion* 
bp  other  reason*.  Bepcmd  thle,  la  the  Belting  lone  *»,’■  revenala  are  aore 
probable,  than  in  tb*  tvo  oth*'  tones,  elno*  IW'cW.  f  th#  phpeioal  vtat* 
of  the  precipitation  are  relative?/  probable  her*.  In  the  mm  eon*,  aign  re¬ 
versal*  ua  aor*  frequent  than  in  th*  rata  tone,  but  suoh  lee*  frequant  than 
durlg  ahneara. 
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Foreign  field  ud  Its  e.m  reversals  daring  octi-shovrery  rein 
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Figure  46 

Foreign  field  and  its  sign  reversals  during  non-showery 
precipitation  in  the  three  main  precipitation  zones 


4.2.4.  Strength  and  sign  of  the  potential  gradient  at  different 
altitudes  during  rain  or  anoe 

For  each  station,  this  analysis  was  oarrled  out  as  follows  (Figure  47) i 
a)  For  each  hour  of  uniforw  snow  (number  of  recording  hours  entered  at 
the  right  hand  margin  of  Figure  47  ana  aarked  with  " -fc  "),  we  cal¬ 
culated,  what  percentage  of  the  fine  weather  potential  gradient  (and 
conduction  current)  of  this  hour  and  the  respective  month  (see  sect¬ 
ion  15)  the  yctual  potential  gradient  E  (conduction  current  i)  is  on 
the  average,  the  respective  fine  weather  value  always  being  100^. 

For  instanoei  if,  the  aotual  concoction  current  equals  the  fine 
weather  oorduotlon  current  of  the  same  hour,  the  percentage  ia+IOOi 
on  if  it  is  twice  the  respective  fine  westher  value,  the  percentage 
is«00|  ori  if  it  is  sero,  also  the  percentage  is  sero.  The  arithmetic 
seen  of  all  the  potwtlal  grad i wit  (conduction  current)  percentages 
is  entered  in  Figure  47  »*  bltok  (white)  colm®,  and  that  for  eaoh 
etation.  *11  the  seven  value*  are  far  above  *100  <•  The  potential 
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gradient  peroentagee  deoraaae  with  inoreaalng  altitude  (  oompere 
section  4.2.6.).  About  hnlt  of  tho  uniform  enow  ouu  oould  bo  wYeluav- 
•4  eywtwmetloelly  in  thiw  manner.  Tho  root  ahowod  oo  high  pool tiro  toIu- 
oo,  that  tho  deritatione  surpassed  tho  record  shoot  broadth]  it  hot  to 
bo  owl t tod.  Coneequently  wo  may  aaaumo,  that  aotually  tho  moan  peroen- 
tagee  aro  owan  higher. 

b)  Tho  aamo  calculation  waa  aado  for  uniform  rain  (nuabor  of  recording  hours 
entered  at  the  loft  margin  of  Figure  47  and  aarhod  with  "  ").  Tkoao 

rowulta  giro  loaa  Information,  ainoo  tho  range  of  "light  rain"  oannot 
bo  defined  exactly.  During  o trong  uniform  raln-fallo,  on  tho  other  hand, 
uoually  tho  broadth  of  tho  record  aheet  waa  wurpeeeed,  „  haao  precipi¬ 
tation  daya  had  to  be  omitted.  If  all  oaaea  of  uniform  rain  ware  inolu- 
dad,  the  nagatire  moan  percentage,  oonaequent ly^  would  bo  at  ill  more  ne- 
gatlre.  The  dlffaranoea  of  the  peroer.t~g*e  from  station  to  ata. .on,  are 
here  only  email. 


Figure  47 

Strength  and  elgn  of  tho  potential  gradient  at 
different  altltudeo  during  noo-abowery  rala  or 


anow 
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j.'r.j.  St reiyrt h  and  sign  of  ths  gotentlal  gradient  below  Altowtrotus 
with  or  without  prwclpftatlon  falling  out  of  thl« 

Hwrw  it  rwoall,  to  begin  with,  that  precipitation  out  of  ultostrntus  la 
very  alight.  In  Figure  4tt  and  49,  for  aaoh  atatlon  tha  Man  atrsngih  of  tha 
potential  gradient  below  *1  uoutratua,  la  tam  of  peroentagea,  la  deaonetrat- 
ad,  tha  fina  waathar  po  .antial  grail  ant  being  100  it  (and  repraaantad  by  tha 
vertloal  daahad  llnaa).  Tha  calculation  of  tha  arlthaatlo  aaant  was  Bade  aa 
daacribad  In  taction  4.2.4.  Tha  aaaa  analysis  waa  carried  out  for  tha  oonduotlon 
currant . 

If  there  ia  anow-fall  at  station  Zugspltie  (Figure  46),  t.ia  p-  tantlal 
gradient  (conduction  currant)  nawartbalaaa  la  lower  than  In  fina  waathar.  It 
ia  about  tha  s&aa  aa  In  tha  esse  of  tha  station  being  below  Altoatratua  with¬ 
out  precipitation.  Hoerever,  ah  are  there  la  rain  out  of  Altoetmtue  (Figure  40), 
tha  waluaa  ara  clearly  lower  than  in  tha  oaaa  of  tha  statl,  n  being  below  Ilto¬ 
atratua  without  rain  (Figure  49).  Thla  inveatlgatlon  again  ohowa  that  below 
Altoatratua  tha  potential  gradient  la  lower  than  it  r-uld  b<  in  fine  waathar 
;aae  aaotion  4. 1.2.1.).  Hanoa  aa  aa/  conoluda  that  tha  baae  *.f  the  cloud  ahaat 
carriee  negative  apaoa  aharga. 

If  aolld  praolpitatlon  partiolaa  ara  falling  through  tha  Altoatratua, 
cloud  droplets,  which  doubtless  carry  negative  charges,  frets*  upon  ths  pre¬ 
cipitation  ^articles  at  tha  oloud  baas.  This  will  prwvcnt  tha  posltlvs  values 
of  the  foreign  field,  which  are  usual  in  all  the  other  eases  01  non-ahowery  pre¬ 
cipitation,  appearing  also  in  snow  felling  out  of  Altoatratua.  Thert  oan  be 

several  rwaaons,  w'-y  this  areban'ea  doesn't  rork  in  the  case  of  Nlabostratua, 

also 

ths  base  of  which /carries  negative  charge 1 

a)  Altoatratua  aoatly  ia  only  of  Basil  thickness,  Consequently,  tha  pre¬ 
cipitation  partiolaa  formed  In  it  have  atlll  vary  naall  falling  velo- 
0  it  las,  rhra  they  er~itc  at  "ha  ol  ntJ  b*-.«.  Thus/Hhey  have  relatively 
■nob  t las  available  there  for  picking  up  negi  lva  ohargaa. 

t)  Tha  Base  of  Altoatratua,  in  oontradiatlnotion  to  that  of  Kiaboatrstua, 
la  eHarp  and  definite.  So  tha  negative  space  0 barge  density  there  will 
be  especially  high.  Therefore  relatively  aony  negative  ohargaa  of 
freaxLng-ud  cloud  droplets  ara  ooavayad  to  the  surfaoe  of  tha  preolpl* 
tation  partiolaa  just  in  tha  last  aoaants  of  their  fall  through  ths 
cloud,  so  that  the  ooapansatlon  by  positive  cloud  droplets  treating  on 
tha  praolpitatlon  partiolaa  la  saall. 

*'  lr  oor.tradmtlootion  to  tbs  oondltloca  in  Xiaboatratua 
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Figure  48 

Strength  and  sign  of  the  potential  gradient  below  Altoetratua  with 
precipitation  falling  out  of  thia 
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Figure  4S 

Strength  and  eign  of  the  potwtial  gradient  belew  Altoatratue  without 
preolpifttion  falling  out  of  it 
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4.2,6,  Influenoe  of  tree  tad  alia  of  the  enow  oryetala  on  the 
etrenjrth  of  tap  foreign  field  during  enow-fall 

Already  i.i  Teohnloal  Report  AT  61  (514)-7J2-C  we  reported  a  pre  11  Binary 
inweetigatlon  whloh  showed  that  on  tha  Zugepltae  tha  foreign  flald  In  enow- 
fall  dapende  on  alaa  and  o«jr»tal  typa.  This  raault  oould  now  bo  oonfiraed 
with  a  auch  grwater  n unbar  of  obaarratlona.  figure  30  glree,  la  terse  of  per¬ 
centages,  naan  T-.luaa  obtained  for  atatlon  Zugepltae,  Tha  auabar  of  anov  oryatal 
obaarratlona4)  sr-  lndloatad  on  tha  top  of  aaoh  ooluan.  Tha  ,00  %  laral  aigni- 
flaa  dia  potential  gradient  an  It  would  ba,  at  tha  hour  of  tha  raapaotira  ob- 
aarratlon,  In  fine  weather,  Tha  figure  ahovw  clearly  that  tne  potential  gra¬ 
dient  during  anew  fall  le  tha  greater,  tha  greater  la  the  dlaaeter  (i.e.  extent 
In  the  largeet  dlaenelon)  of  tha  enow  eryatal#  forcing  the  enow  fall  (flakea  are 
very  aaldoai  at  atatlon  Zugepltae).  further,  the  potential  gradient  la  higher 
in  tha  owe  of  flat  (a.g.  plate  or  et*r  ehapwd)  orretala  than  In  tha  oaaa  of 
needle  rhaped  oryatala.  Perhapa  It  le  allowed  te  Infer  froa  theta  obeerwatlone 
that  the  falling  reloolty  af  the  precipitation  partiolee  la  of  laportanoa,  and 
ao  that  the  foreign  field  la  tha  etronger,  tha  scalier  la  tha  falling  reloolty 
of  tha  praolpltatlon  partiolee.  Beeidee,  thla  rlaw  oould  ba  corroborated  by 
?lgure  47  (aeotion  4,2,4, )t  in  falling  down,  tha  eingle  mow  oryatala,  whloh 

H nAT  SNOW  CttfSTALS  22*  OBSERVATIONS 

I95S  ♦  1957 


DIAMETER  OF  SNOW  CRYSTALS  IN  mm. 

figure  30 

*)Thay  were  aada  by  tha  obearratory  Zugepltae  of  tha  Oenean  leather  Sarvlo# 
aooordlng  to  tha  direotlone  of  tha  UOOI, 
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art  usual  at  atatlon  Zugspitze,  acra  and  more  combine  to  for*  aaall  flakes  and 
at  last,  arriving  In  tha  rallay,  large  flakee.  T'  a  lattar  fall  muoh  more  r low¬ 
ly  than  single  crystals ,  and,  lndaad,  tha  foreic  flald  during  emow  fall  ia  tha 
stronger  tha  aora  wa  go  to  lowsr  larala. 

4.?. 7.  Halation  batwaan  lability  degree  of  tha  atratlfioatlon  and 
fraquanoy  of  tha  sign  rararaala  of  tha  fora  Ian  flald  during 
praolpltatlon 

Alraady  by  a  comparison  of  Figure  43  with  Figure  46  we  aaa  that  thara  must 
be  a  corelation  between  the  lability  ( -unatability)  degree  of  tha  atmosphere 
during  precipitation  and  the  frequency  of  sign  reversals  of  tha  foreign  field. 
Bayond  this,  it  was  attempted  to  grasp  this  correlation  quantitatively.  For 
thie  purpoae,  wo  uaed  tha  radio  rondo  asoont  data  of  the  Munich-Rlea  Airport. 
The  temperature  data  were  entered  In  tha  "STttVE  Diagram  Paper"  (observed  lapse 
rate).  The  courses  of  the  respective  dry  adiabatic  and  meiat  adiabatlo  were  de¬ 
termined  In  the  well  known  manner.  Then  the  area  between  500  mb  level  line, 
molat  adiabatic,  observed  lapse  rata,  and  700  mb  line  was  measured  with  planl- 
oeter.  The  value  thus  obtained  in  square  centimetres  ia  a  relative  value  for 
tha  lability  energy  between  700  and  500  mb.  When  it  la  positive,  the  stratifi¬ 
cation  Is  unstable.  Thaas  evaluations  were  made  for  both  radiosonde  ascents  of 
each  day. 

Here  wa  have  su  insert  that  the  radio  sonde  data  are  obtained  In  the  free 
atmosphere,  whereas  In  the  region  of  our  station  network,  l.e.  at  a  distance 
of  100  km  from  Munloh-Rlea  and  in  the  mountains  not  far  from  the  northern 
border  of  the  Alps,  the  actual  unatability  oan  be  somewhat  different  from  the 
unatability  existing  in  the  free  atmosphere  above  Munich.  E.g.  we  have  to  con¬ 
sider  that  In  many  cases  during  slightly  atabla  stratification  of  tha  fra# 
atmosphere  there  will  be  already  unstable  etratlfloation  in  the  mountain#,  sines 
hara  the  air  In  the  lower  atmosphere  obtains  additional  energy  by  the  insolation 
of  eloping  surfaces. 

figures  5;  -  56  show  the  correlation  whioh  is  obtained  for  eaoh  of  the 
stations  (Garmlsoh  and  Farchant  being  united  to  "valley"),  if  tha  fraquanoy 
of  tha  sign  reversals  of  tha  foreign  field  during  preoipitation  (all  klnde)  ia 
plotted  against  ths  simultaneous  relative  value  of  the  lability  energy  between 
500  and  700  mb.  Tha  Gratification  above  our  station  nat,  as  leant  toned  above, 
ia  not  exactly  gtvan  by  the  radio  sonde  data  of  Muntoh-Rlem,  so  we  cannot  ex¬ 
pect  the  two  magnitudes  oompared  to  ehow  a  very  does  oonneotlon.  Hovever,  It 
le  evident  that  the  frequency  of  eigu  reversals  increases  with  increasing 


-  u> 


29  It  12  9  4.  •  4  I 

LAMJTY ENERGY  (RELATIVE  VALUE)  SCO  -TOO  (fib 


Figum  51 

Lability  anargy  bataaan  500  and  700  ab  v.  Bign  ravar- 
aala  of  tha  fomigt,  fiald  during  prac:  pitatlonai 
Station  Zugapltta 
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lability  anargjr  bataaan  500  and  700  «b  a.  »lp>  ra*<  r- 
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-•instability.  ' a»  difference#  froa  station  to  station  are  only  alight  and  of  no 
imporienoe.  Tee  f  ’’.lowing  o*n  ba  gather  ad  fro*  tha  flgurvst 

If  *.ha  ntaber  of  alga  reversals  par  hour  la  aora  than  1,  It  la  very  pro- 
babla  that  tha  atratlf lcatlon  af  tha  atmosphere  It  unstable  batvaan  700  and 
500  ab ,  tha  faot  being  taken  Into  account  that  a  alight  negative  lability  ener¬ 
gy  of  tha  fraa  atmosphere  mostly  algnlflaa  unst ability  above  mr  r»gion.  If,  on 
t.-.e  other  hand,  the  number  of  sign  reversals  peijhour  la  lean  than  0.6,  ve  NT 
assume  that,  with  high  probability,  the  stratification  la  a  tab 1 e .  3es'h«t  the 
possibility  to  apply  this  aiajk  crltarloa  in  tha  meteorological  practice,  the 
investigation  la  of  latent  alao  for  stmotpherlc  elactrioity,  because  it  yield¬ 
ed.  a  sort  of  quantitative  rule  according  to  ahlcn  the  more  or  leae  elastic  sign 
r-eoersala  of  tha  foreign  field,  occurring  for  instance  especially  during  shower , 
actually  are  o  cap  led  alth  the  degree  of  turbulence.  Thia  functional  connection 
a  Independent  of  the  orographic  conditions  and  altitude  of  tha  atatlor.,  thus 
It  rAecte  facta  of  general  importance. 

la  to  tha  eeteorologlcal  praolloa,  tha  results  oould  be  used  to  find  out, 
at  a  reether  station  which  has  no  radio  aonda  and  with  tha  help  of  simple  poten¬ 
tial  gradient  recording,  if  the  stratification  conditions  ara  changing  lr.  tha 
course  of  a  precipitation. 


5.  Tha  behaviour  cf  the  foreign  field  during  drifting  anew. 

Processes  of  inev  and  ioa  crystal  friction,  of  charge  sepf oration  by  break 
ing  of  anov  and  lea  crystals,  etc.,  ara  of  general  interest  for  the  explanation 
of  thunderatora  electricity. 

Slnoe  vlth  In  our  station  net  drifting  sect*  is  relatively  frequent,  which 
partly  changes  the  electrical  conditions  In  th*  neighbourhood  of  the  fiat  Iona 
coraiderably,  a  systenatical  evaluation  cf  the  records  was  carried  out  with 
reseed  to  drifting  mom. 

The  evaluation  tu  baaed  on  tha  observation,  that  fro*  tin  mountain  rid¬ 
ges  snov  and  los  crystals  ara  whirled  aloft  many  hundreds  of  aatrss.  This  cau¬ 
ses  oartlclaa  of  different  alias  to  bs  separated  from  each  other  by  the  wind, 
Tha  large  fragments  soar  fall  baoo  to  tha  ground,  to  tha  neighbourhood  of  tha 
place  frov  share  they  hat  been  whirled  upj  the  saall  fragments,  according  to 
clrcunstdr.oes,  can  wander  along  with  the  strung  wind  current  many  kilometres. 

In  the  evaluation,  therefore,  wa  to  consider  above  all  tha  wind  direction 
above  the  fettereteln  Sountelna  «.'*  *he  geographical  elt^ation  of  the  stations. 
In  Figure  57  a  little  aap  la  added,  which  gives  the  male  ridges  of  the  tatter- 


Fijfure  57 

?h«  behaviour  of  foreign  fteld  duri,i« 


drifting  »;■  o*  whirled  uo  froa  the 
ridges  of  the  Jetterateir. 
Mountain* 
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stetr  Ewustaiaa,  elth  station  Zugwpltie  (Z).  Especially  fro*  that*  rldgss  the 
snow  la  whirled  up  (oospare  Figure  I). 

If  the  vlad  la  oowing  froa  southern  directions,  tha  large  fragments  whir¬ 
led  up  at  tha  ■.jrthara  ridge  shown  lr.  tha  aaall  Bap  of  Figure  5?  immediately 
fall  sack  to  the  alopa  Juat  north  of  thla  ridge,  eUiis  .dually  clouds  of  tha 
aaall  fragments  ere  carried  away  by  tha  wind  ow-yr  stations  Klffslriss  (H), 

El  base  <  E),  and  soaetlsec  alao  Oberaocs  (0). 

If,  oo  tha  other  hand,  tha  wind  ccnaw  froa  noi-thorn  dlraetlooa,  snow  la 
whirled  up  naar  tha  stations,  tha  1  urge  rartlclad  soon  fall  back  In  tha 
neighbourhood  of  tha  plaoa  ahara  they  had  been  ahirlad  up,  and  a  certain  se¬ 
paration  of  particles  of  dxffarmt  sizes  tales  placet  but  tha  aaall  particles 
originating  at  E,  0,  or  8  cii-iot  he  carried  ever  tho  aali  forasd  by  tha  ridge 

of  the  Zugrpltae,  and  a  separation  of  tha  differ*-*.  kinds  cf  thoaa  particlaa 

which  are  whirled  up  at  station  Z  could  only  lnf.ue.nee  tha  ataosphsrio  electric 
conditions  at  stations  situated  to  iht  south  of  Z  (which  loa't  exist). 

In  Pigure  all  ct*a*  ar*  includad  w.hsr* 

a)  there  was  fine  weather,  and 

b)  drifting  snow  was  '■bsez-vsd  at  tha  mountain  ridge,  and 

c)  at  one  or  more  cf  the  stations  In  question  (£,  or  0,  or  8' 

tha  potential  gradient  bad  not  tha  fine  weather  ralue. 

Tha  figure  demonstrates  that  tha  foreign  field  at  stations  0,  E,  and  H  i» 
positiT#  during  southaru  winds  jn  naaily  all  caaas,  while  during  northern  wind* 
it  soatly  is  nogatlv*.  This  aaant  that  the  clouds  of  tiny  particles  flying 
over  ths  stations  predoeiaantlrgly  carry  posit  tea  c  harps* ,  and  that,  or.  tha 
other  aand,  tha  large  particles  whirled  up  naar  ths  stations  carry  negat lye 
c-ereoe.  Ths  pcsitivs  foreign  field*  caused  by  positive  crystal  clouds  flying 
aloft  with  the  couth  wind  often  could  bo  observed  even  at  flatter.*  l&rxlach 
Fsrchert,  i.e.  at  a  c.stanc*  of  at  least  6,5  Biles  from  th*  T.air.  ridge  of 
t-.e  ‘ette.-stein  Mountains.  Hera  t’.e  aiaaii  crystal*  probshly  »« re  already  soapo- 
:a-.*d,  leaving  their  positive  chaxpw*  on  toe  nuclei  of  iht  air  current.  For 
renrd  sxaaplsa  ace  aection  7, 

The  result  of  this  investigation,  that,  if  ice  crystals  are  broiler, 
snail  splinters  carry  positive  char  ran,  arc  the  It rger  roeidues  negative  char¬ 
ges,  is  it.  agreement  wit.-,  ths  laboratory  experiments  of  luce  (1951)  anc 
Korinder  ar.d  Slesrj  (1955)*  It  saeus  tc  be  iegtortant  for  the  theory  of  thunder- 

st  imw . 
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6,  Sign  oC  ;h«  potential  gradient  below  and  n ear  thunderclouds 

In  Technical  Hsport  A f  61  ( S1X)-732-C,  ws  dsoudsd  froa  individual  lnslanc- 
a*  that  halo*  tha  baa  a  of  thunderclouds  the  foreign  field  predominantly  is  ne¬ 
gative,  but  that  it  is  positive  below  a  far  ertindlng  "imis  nothu*.  This  sta¬ 
tement  be  in  sgresaent  *lth  tha  gone rally  accepted  view  cn  ‘-ne  structure  of 
thunderclouds. 

Tails  4i  including  all  tha  thunderstorm*  of  J  year*  Ash  occursd  at  a  high 
lerel  station,  girt#  an  account  of  tha  behaviour  cf  tha  foretgr:  field  aa  it  wr.s 
recorded  at  tha  respective  station. 

Table  4 

Position  of  the  station  with  Type  anl  number  of  cases 

regard  to  t*'»  -loud  part  (obserred  1955  ♦  1 95^  *  1957) 


■Contain  station  within  or 
below  tha  ba*«  of  tha 
Curetlonimbua 

asuchtain  station  below 
Cirrus  uothus 

mountain  station  bolcw 
Altocumulus  lUESilogvnitus 

or  mammilus 

counioin  station  within  or 
bolow  tha  baas  of  the 
Cusmloniehus  or  below 
Cirrus  nothu* 


Torsi gr.  field  predominantly  positirei  4 
foreign  field  predominantly  nsgatiwei  31 

foreign  field  predominantly  positirei  27 
foreign  field  predominantly  negative!  T> 

foreign  field  predominantly  positirei  0 
foreign  field  predominantly  negative!  16 

craotio  couraa  cf  foreign  fieldi  44 


Ce  sea,  that  in  44  cases  the  coc  sa  of  the  foreign  field  was  chaotic,  so 
that  it  waa  impossible  to  discimina-  the  dlffer«it  part#  of  tha  thundercloud . 

Especially  in  heavy  procipltaticn  we  often  find  a  chaotic  coursa  of  tha  foreign 
field  in  and  below  the  thundercloud  see  and  in  tha  neighbourhood  of  tha  cloud. 
The  records  than  are  similar  to  those  during  showers. 

In  Figure*  3S  -  60  again  i id  1  v : dual  cases  are  glvan.  They  datmnstmte  anew 
that  predominantly  a  positive  fo.-'ign  field  exists  below  Cirrus  nothus,  i.e. 
that  this  cloud  part  carrisa  positive  charges,  from  Figure  59t  further,  we  learn 
that  at  the  high  level  station#  the  negative  sign  of  the  foreign  field  is  pre¬ 
dominantly  below  the  base  of  the  thundercloud. 

4.  statistical  analysis  of  the  cases  obtains*  till  now  yiwlded  the  rwsults 
condensed  in  Figures  61  and  62.  The  meaning  of  tha  oo  1  ran  is  the  same  as  das- 
orlbad  in  faction  4.?.?.,  only  instead  of  precipitation  periods  we  hare  hews 
oeriodn  where  the  station  is  below  the  oloud  part  indicated  at  th*  top  of  the 
flg-urw. 


76 


-  77  - 


Positive  foreign  rield  below  Cirrus  nothus  > 
and  negative  foreign  field  below  C  omul  or.  imbue 
base  only  at  the  peak  station.*  f.ugepitze  ar.d 
lank 
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Flgure  61 

Foreign  field  and  it*  algr  reversal*  below  Cirrtk*  nothu* 
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Klp-ure  62 

Foreign  field  and  lte  algn  rerereiJu  tsiow  Cuaulonlabue 

baa* 


at  first  let  us  look  it  th*  stations  Zugepiti#  and  Zugspltipl atti 
Cl.rus  nothoa  th*  foreign  field  1»  positive  during  about  50  -  90  f  of 
th«  tire,  below  the  Cumulonimbus  baie  it  la  positive  during  only  20jl  of  th« 
tl»*.  If  w#  look  at  th*  other  station*,  the  value  1*  about  60  <  below  Clrrue 
not  true,  and  abtut  50  -  50  %  beloe  the  Cumulonlmbue  base,  the  decrease  and  ln- 
oreaae  with  height  between  the  Talley  and  5000  *  eboee  eealevel  the  record* 
are  influenced  In  -uoh  a  manner  that,  at  the  low  lerel  station*,  It  Is  no 
tager  possible  to  Irsv  reliably  an  Inference  fro*  the  record  as  to  tha  actual 
cloud  charge.  Therefore  reoorde,  wioh  one  obtains#  only  at  low  level*,  cannot 
yield  any  satisfactory  reeulte  eith  reapeot  to  tne  investigation  of  the  thunder¬ 
cloud  structure,  Ihirther  ee  lar-rr.  froe  Figure  62  that  the  frequency  of  the  eign 
reversals  of  tne  i j reign  field  below  e  Cumulonimbus  base  is  much  greater  at 
lower  levels  than  at  highar  levels,  Pr on  this  we  have  again  to  lnfur  that  tha 
loe  leval  re,.jr<*a  don’t  anable  us  to  ascertain  tha  tanporal  and,  what  la  the 
conseouanoa,  tha  spatial  charge  conditions  in  the  cloud.  Thus  electrloal  pro¬ 
cesses  ere  occurring  at  the  lower  levels,  which  naak  tha  true  picture  of  the 
conditions  in  the  Cuisulonimbea  cloud.  Probably  the  prooatese  In  question  are 
con  sated  on  tlm  one  hand  with  tha  precipitation,  and  er.  the  other  hand  eith 
epaoe  chargee  near  tha  ground,  shi  h  ere  caused  by  point  discharge. 


3w— try  and  conclusions  for  sections  4.  5.  and  6 

Outing  shower  precipitation  usually  chaotic  courses  are  recorded  for  the 
potential  gradient  and  the  conduction  current,  which  practically  runs  parallel 
and  always  baa  the  same  sign  as  tha  elmultaneous  potential  gradient.  The 
oharaoter  of  the  curvet,  vhicO  are  obtained  Simultaneous ly  during  tha  same 
ahower,  only  seldom  Is  the  same  from  station  to  station.  Tht  processes,  there¬ 
fore,  by  which  the  details  of  the  cunn  are  determined,  must  gTeatly  differ 
from  station  to  station  and  be  cf  local  iaportanoe  only.  Only  seldom  It  le 
poeeible  to  draw  conclusion#  from  records  obtained  during  shower  as  to  the 
eleotrlo  charge  In  the  clouds,, 

However,  during  very  light  showers  and  especially  under  shower  cloud* 
passing  over  th*  stations  without  preolpltetion  rslstlvsly  oftsn  ths  oharaotsr 
of  ths  curves  Is  ths  sane  at  the  different  stations,  l.e.  at  different  altitud¬ 
es,  Heno*  we  can  oonr’ude  that  It  Is  the  pmrnoipltatlois  which  during  heavy 
•  corner  so  much  disturbs  the  picture  on  the  reoorde. 

It  high  level  stations,  a, ways  s  slight  forwlgn  field  of  negative  eign  ie 
observed  at  firat,  when  th*  station  is  belev  a  growing  lumulue  c—gestus,  and 
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tv:t  otfore  any  preelpitat ion  1*  falling  at  tha  atatioa  itaalf.  The  letter  fact 
suggests  that  this  foreign  field  ia  oauaed  by  the  negative  apaea  charge  at  tha 
aloud  baee,  «Uloh  ia  being  aoouaulated  there  in  aoaa  way  or  other,  while  tha 
oloud  la  beooairg  " mature".  In  thia  oonneotlon  one  raaaabara  tha  idaaa  of 
Vonnagut  (19!>3),  who  found  that  tha  alaotria  fialda  ia  Cuaulua  clou  da  are 
built  up  already  baftra  any  praoipitation  la  foraad.  Tonnagut  prssnaes  that 
tha  point  dieoherge  on  tha  earth' a  surface  sight  be  tha  nourca  of  tha  charges 
needed,  forming  lone  wnloh  are  brought  into  tha  reapeotlre  oloud  "floor*"  by 
dclfr.  drafts  or  updrafte,  Cosparing  our  reoarda  with  thia  piotura  wa  find  tha 
following  difficulties,  tha  positive  fine  weather  potential  gradient  existing 
at  flrat  la  lowered  below  growing  Cuaulua  congestua  oloude  by  tha  negative 
oiiarges  aocusulatlng  at  tha  cloud  baaa,  Jo  -oint  dlaoharga  wore  and  acre  atopa 
(until  precipitation  aats  in),  lnetaed  of  aupplying  tha  cloud  with  sort  and 
more  Iona.  Perhaps  by  moreased  observations  it  will  be  possible  to  explain  this 
contradiction. 

ij  the  analyalg  of  individual  cases  aa  wall  as  by  the  statistical  evaluation 
of  the  reoorde  carried  out  with  reepect  to  tha  behaviour  of  tha  potwitial  grs~ 
dier.t  diuing  shower  it  la  demonstrated  that  no  significant  changes  of  the 
curve  character  are  caused  by  changes  of  the  physical  stats  of  tha  praoipi¬ 
tation.  During  siiuwev  prscipitation  tha  frequency  of  tha  aign  reversals  of  the 
foreign  field  la  relativaly  great,  it  la  tha  greater,  the  higher  is  the  stno- 
epheric  unetabillty  (e.g.  during  paaaage  of  active  oold  fronts). 

In  precipitation  (thoeary  and  non-showery)  out  of  upalida  olouda,  l.s. 

A] toetratus  wlch  la  growing  thicker,  with  the  cloud  baee  auoeiiing,  end  which 
then  is  developing  into  Nlabostretus,  negative  foreign  field  is  recorded  at 
ell  the  etatlone  beloe  the  cloud  or  in  its  baaa.  This  is  independent  of  the 
physios^  state  of  the  preolpltation.  It  la  likely  that,  beeauaa  of  tha  speol- 
el  -onditions  during  prao*; itetlon  out  of  ciouda  with  aaall  thioknese,  togethar 
with  tha  cloud  droplata  aany  nagatlve  ohrrgwe  fraata  upon  tha  praclpitation 
partlolee,  alnca  it  la  oartain  that,  at  tha  iltostratus  baaa,  thare  la  high 
negative  speoe  charge  ar.d  thus  the  cloud  droplets  carry  aany  negative  ohargee. 

During  non- » hows ry  precipitation  (not  coalng  out  of  Aitostretue  there  la 
a  oonneotlon,  alsost  like  a  law,  between  the  elgn  of  the  foreign  field  a  ,d  the 
physical  state  of  the  precipitation,  the  foreign  '  -!d  le  negative  In  ran, 
luring  ®ore  than  90  %  of  the  precipitation  durst  lot,,  ar.d  It  1*  positive  in 
enoe  again  .luring  wore  tha.  <0  Jt  ol  the  precipitation  duration.  Tho  sign  rever¬ 
sal  of  the  foreign  field  alertly  takes  place  In  the  lone  where  the  precipi¬ 
tation  is  as! ting,  and  that  Independvnt ’.y  or  at. ether  the  t ran# 1 1 Ion  Troa  ralr. 

Into  enoe  or  vice  versa  le  only  a  epatiai  one  or  a  .wporal  one,  too,  and  at 
•hat  altitude  above  the  eee’.evel  It  takes  pleoe,  1  he  salting  ;ro.eee  t'.u,  W;,t 
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W  with  that  prooasa  which  datsrnlasa  tha  alga  of  tha  foreign  flald 

during  precipitation.  T  bora  fora  It  la  laportaet  to  giro  aora  attention  to  tha 

aaltlaf  tans. 

Tha  frayiaaoy  of  tha  alga  rararaala  of  tha  forwign  flald  la  wary  snail 
dvrlaf  aaa  showery  precipitation  It  la  laaa  than  ana  rararaal  par  hour,  and 
only  la  tha  as  It  lag  aooa,  a a  la  consequent,  It  la  ellghtly  higher. 

Darlaf  aca-chowary  preoipitat ion,  and  hara  relatively  aaldon,  rhythaloal, 
ragalarl/  alta ranting  olp  rararaala  of  tha  fortl|B  flald  ara  ohaarrad,  whloh 
ara  oat  oonaaotad  with  ohan^aa  of  tha  phy« leal  atata  of  tha  praoipltatlon.  Tvo 
groups  of  oaeea  ara  fouadi  tha  parai lal  and  praotloally  synchronous  rararaala 
scour  a)  at  aaarly  all  tha  a tat Iona,  or  b)  only  at  tha  r allay  stations.  Tha 
rararaala  ara  l Italy  to  ba  oanaad  la  group  a)  by  f  andanantal  oloud  prooaaaaa, 
and  la  gvo up  b)  rathar  by  looal  prooaaaaa.  With  respect  to  group  a),  «a  aay 
praauaa  that  a  alga  rararaal  of  tha  praoipltatlon  charge  taking  plaoa  aiwultane- 
oualy  at  all  lavalo  la  laprabahlai  If,  on  tha  other  hand,  tha  alga  rararaala  of 
tha  preoipitat  ion  charga  toot  plaoa  only  oe.o«,  at  hlghar  levels,  tha  a  aaa  r*» 
▼oraal  would  ba  ohaarrad  sowwwhat  lator  at  tha  lower  a  tat  Iona,  expeelally  in 
anew,  whloh  ooaaa  down  alowlyi  but  no  auoh  lag  of  tha  algn  rararaala  oould  ba 
ohaarrad  froo  station  to  station.  Thus,  with  ragard  to  this  problan,  It  la  na- 
oaaaary  to  oontlwo  tha  obaarratlons. 

It  aaa  ohaarrad  that  there  la  a  olaar  lnfluanoa  of  alas  and  typo  of  tha 
snov  orya tala  on  tha  strangth  of  tha  foreign  flald,  both  ohaarrad  at  tha 
Zugapitiei  tha  praoenoe  of  auoh  oryatnlc  a a  fall  a lowly  aora  than  othsra 
baoauaa  of  thalr  alas  and  ahapa  is  oouplad  with  a  hlghar  foralgn  flald.  Further, 
during  nan- a horary  snow  fall,  tha  strength  of  tha  posltlra  foralgn  flald  de- 
oraaaas  with  tha  altitudo  of  tha  station.  Slnoa,  tha  lover  is  tha  laral,  tha 
aora  a  formation  of  flakes  takas  plaoa,  that  la  a  rstardation  of  tha  fall,  wa 
oanaidar  that,,  possibly,  tha  falling  rsloolty  of  tha  praoipltatlon  partiolao 
la  of  sons  lnportanoa  an  to  tha  atrang-th  of  tha  foralgn  flald.  This  would  ba 
oonflrasd  by  both  aforanantlonad  obaarratlons. 

Prow  this  riswpolnt,  tha  algn  rararaal  oonaaotad  with  tha  waiting  prooasa 
of  n on ^a horary  snow  parhapa  oould  ba  azplalaad  by  tha  lnoraaaa  of  tha  falling 
raloolty  also  oonaaotad  with  tha  waiting  prooasa .  Thaoratioal  atudlaa  on  this 
eubjeot  bwing  oarrlod  out  Just  now,  thosa  pro b laaa  will  ba  dlaouaaad  latar  on. 

Tha  oonnaotlon  batwaan  atnogpberio  unatablllty  and  frequenoy  of  tha  sign 
rararaala  of  tha  foralgn  flald  during  praoipltatlon  vaa  oars  fully, 

Tha  rasult  af  tha  oral nation  la,  *hat  thara  la  a  functional  oonnaotlon  batwaan 
bath  uagaltudas,  ao  that  tha  labll  -y  dagraa  af  tha  500  -  TOO  di  lwral,  whlah 
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Is  of  speolal  meteorological  importance  with  reepeot  t#  tha  building  up  of 
Cumulus  olouds,  la  lndloetsd  by  and  oan  ba  dadut^pd  from  tha  sign  reversal 
fraquanoy.  Baaldaa,  this  functional  oonnaotlon  la  indapandant  of  tha  altl tuda 
and  orographic  situation  of  tha  station,  whara  it  la  found. 

Tha  knowledge  of  this  oonnaotlon  could  also  ba  of  praotlcal  importance 
ainoa  it  anablas  us  to  say,  with  tha  halp  of  only  primitive  potential  gradient 
recording*,  but  with  satisfactory  raliability,  if  tha  oharaotar  of  tha  atmo¬ 
spheric  atratifioation  is  changing  in  tha  ooursa  of  a  praoipitatlon.  for  in¬ 
stance,  whan  aftar  hours  of  vain  with  the  foreign  field  being  continuously  ne- 
gatira,  ferst  sign  reversals  of  tha  foreign  field  are  recorded,  than  wa  know 
that  the  strati fication  became  unstable  or  is  just  becoming  unstable.  Thia 
again  means  transition  to  squally  weathsr  with  single  ahowera  and  parhapa  short 

clsaring  up  periods.  The  possibility  of  such  conclusions  could  be  valuable,  if 

tha 

one  ia  interacted  in  controlling/ atmospheric  lability  degree  alec  during  tha 
period  betwocn  two  radio-aonde  aacenta,  a.g.  on  airports,  whara  even  alight 
changes  in  the  weather  situation  are  of  importanoa.  Also  at  places  whara  radio¬ 
sonde  usoenta  are  wanting,  a.g.  in  countries  with  sparse  population  and  at  ear, 
tha  proposed  supplementary  potential  gradient  raoordings  could  ba  of  rteraaV.. 
With  raapaot  to  ahipe,  valuable  improvements  of  tha  knowladga  of  tha  meteorolo- 
gioal  situation  could  bs  obtained  by  recording  tha  potential  gradient  on  hoard, 
since  often  tha  meteorologioal  conditions  above  tha  ooeane  are  not  sufficiently 
known,  or  unexpected  changes  occur  by  spatial  shifting  of  a  perturbation  or 
by  tha  movement  of  tha  ship  or  by  both.  In  thia  oonnaotlon  wa  wish  to  mention 
also  tha  start ing  and  landing  operations  on  air-oraft  carriers. 

Careful  observations  made  during  drifting  snow  showed  that,  without  doubt, 
on  the  breaking  of  snow  and  ioa  crystals  tha  resultant  large  fragments  predomi¬ 
nantly  have  negative  oharges,  whereas  tha  small,  light  splinters  oarry  positive 
charges.  Thaaa  observations  have  bean  made  in  tha  open  air,  i.a.  under  natural, 
not  under  laboratory  conditions.  So  they  are  parhapa  of  special  interest,  above 
all  with  regard  to  tha  problems  of  tha  electrification  of  shower  and  thunder¬ 
storm  olouda  by  ioa  frlotion  and  ioa  biVking,  for  by  laboratory  oonditloma  tha 
ooursa  of  what  happens  oan  ba  influenced  In  a  manner  whioh  ia  often  difficult 
to  be  surveyed. 

Invest igationa  on  tha  sign  of  tha  foreign  field  be law  and  la  tha  nsighbour- 
hood  of  thunderolouda  demonstrated  that  tha  Cumulonimbus  bass  preponderantly 
oarriea  negative  oharge,  while  the  far  extending  Cirrus  not tame  oarriea  positive 
a barge.  This  la  in  agreamant  with  the  present  view*  on  this  subject •  baaldaa, 
as  appeared  during  our  atudiea,  euoh  statements  oan  ba  made  aaly  with  tha  help 
of  high  level  reoordat  at  low  level  stations,  tha  picture  presented  by  tha  re- 


oorda  ie  masked  by  looal  perturbs t Iona ,  ui&f?'tfel%afciy  slgnlf leant  o hangs a  on  a 
o  hangs  of  the  oloud  part  present  above  tha  atatlon  ( first  thunderstorm  oloud 
baa  a,  th/m  Cirrua  bo  thus ,  or  rioa  raraa) . 


7.  Obaarratlona  aada  during  foeha 

Soaa  preliminary  obaarratlona  on  tha  baharlour  of  atmoapherio  alaotrio 
magnitudes  during  "foehn"  hara  baan  mentioned  already  In  Taohnloal  Raport 
AJf  61  (514)-732-C.  Tha  feehn,  being  only  a  apaolal  phenomenon,  raatrlotad  to 
aountaina  and  thair  neighbourhood,  e.g.  tha  Rooky  Mountain a  ("Chinook")  and 
tha  Alps4),  oftan  haa  oonaiderabla  influanoa  on  tha  atmoapherio  alaotrio 
magnitudes.  Tharafora,  In  tha  foil aria*,  wa  ara  handling  partioulara  of  tha 
prooaasaa  oonnaotad  v.ith  thia  wind. 

An  haa  baan  stated  already  in  tha  laat  Taohnloal  Raport  (AF  61  (514)-7J2-C) 
wa  hara  obaarrad  that  thara  ara  twu  diffarant  typee  of  atmoapharlc  alaotrio 
phenomena  occurring  during  foahn s 

a)  At  all  atatlona,  tha  curves  of  tha  potential  gradient  show  valuaa 
which  ara  considerably  lower  than  tha  fine  weather  raluea,  and  that 
alao  whan  tho  aky  ia  nearly  or  completely  cloudlaaa.  At  tha  aa mb  tine, 
tha  air  earth  currant  raluaa  are  tha  a ana  aa  in  normal  fine  weather  or 
slightly  higher.  In  auoh  oaaaa  wa  apeak  of  "foahn  type  I". 

b)  During  foahn  of  type  II.  tha  potential  gradient  la  oonalderably  higher 
than  ir  normal  fine  weather  and  atrongly  dlaturbed  and  that  at  all 
atatlona  azapt  tha  peak  atatlona,  where  tha  deaoribed  potential  gradient 
baharlour  la  reoordad  only  aaldoa. 

In  aaotlon  7.1*  recording  examples  a re  giron,  for  both  types,  together 
with  aoaa  explanatlone  baaed  on  our  preaent  experience  on  foahn  phenomena. 

7.1.  Tha  beharloaur  of  ataoaphario  alootrlo  magnitude;  at 
different  altltudaa  during  foahn 

In  Figure  63,  a  typical  example  of  foehn  type  1  la  demonstrated.  The 
potential  gradient,  eapeoially  tn  tha  valley,  haa  a  tendency  to  be  lower 


*)  Within  the  northern  Alpe,  where  la  our  atatlon  network,  and  In  the  adjoin¬ 
ing  plain,  foahn  la  eapeoially  wall  pronouaoed  and  ralatlrely  frequent.  It  la 
here  a  dry  end  warm  aouth  windi  dry  because  of  mclet-ed label  to  upallda  motion 
In  tho  southern  Alpe  oauelng  loea  of  water,  warm  beonuoe  of  dry-adlabatio  down- 
slide  motion  from  the  highest  rldgwa  of  the  Alpa  to  the  lower  nor  them  Alpe  and 
their  vallejaard  to  tho  northern  plain. 
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tran  tha  fin*  aaathar  vaiua.  Scutham  wind*  ara  ctaarvad  at  hlah  and  lo* 
i «▼•!•.  In  Ftgura  64  *•  hava  *  good  •xaapla  for  tba  *??acta  of  sin*!*  foahn 
taTutso*  ( typ«  I)  into  tha  valla?.  la  ••oh  caaa  of  aapaelally  strong  foahn 
uiv^on  ( mTm  In  tha  flgura)  tha  -ctaitlal  gradlant  la  coealdarably  lowrarad  *t 

•  cation  F*xc hart,  aharaaa  tha  a*r  aarth  currant  1*  lneraaa*4.  llao  at  iMt  of 

•  no  otr.ar  atatlona,  ••paci&lly  at  atatlon  Zugnpitna,  th*  faanr  u?fl»«ac«  la  vary 
claar,  Alao  th/ ooc*r'tr*tio,kf  aaall  Iona  rtapood*  aaraiilvaly  So  tha  foahn 
invaa ion,  rising  rapidly  and  tfcn*  shoving  •  ecnraa  ainllar  to  that  ef  tha 
rvaparatura.  Without  doubt,  thla  dacraaaa  of  tha  potmtial  jtradlant  %•  oauaad 

by  a  atrocf  incraaaa  of  tb*  rroabar  of  aaall  lata,  in  otfcax  aordai  of  tba  atao- 

•  ;harlc  alactrlo  conductivity. 

In  taction  7.2.,  t*  a ball  (It,  aara  datalla  on  tha  raaaoaa  af  tha  la- 
craaaa  of  tha  truabar  of  small  loan,  that  la  to  may  inormaaa  in  ocRdnat ivtty 
cbs.*rvad  In  our  raglon  during  aoutharn  vind  4  tract  tana  ovar  tba  11  pa. 

In  Fiffuraa  65  and  66  a#  •••  typical  axaaplaa  of  foahn  typa  II.  It  ia 

charactarlatic  of  foahn  typa  IS,  that  uaually  drifting  aoc»  la  ebaarvad  at  tba 

rld«a  of  tha  f«tter>t«in  Mountain*  at  tha  aaaa  tin*.  In  amotion  5,  va  hava 

in 

already  polntad  to  tha  fact,  that  during  drifting  auoa  acnthacra  vinda,  po- 
•ltlr,  foreign  flalda  ara  obaarvad  at  tba  station*  a  i  burnt  ad  north  of  tha  TaW 
tarstaln  ridga.  which  ara  cauaaa  by  tba  poaltiva  snow  eryatal  aloud*  earriad 
by  tha  alT  currant*  ab ova  tha  atatlona.  Mow,  tha  axaaplaa  In  Ftgnraa  65  and  6d 
dvaoastrata, 

«)  Sagatlva  foraigo  filalda  at  atatlon  Zugapltsef  thay  ara  oauaad  by  anew 
drifting  to  tba  atatlon  dlraotly  froa  tha  ground. 

b)  Strongly  dlaturbad  positive  foreign  flalda,  not  oonnaekad  with  oload 
or  praclpitatlon  affaota,  at  atatlona  Wank,  Jtiffalrlaa,  Klhaaa,  Oar- 
aiaoh,  end  Farchantj  thay  ara  oauaad  by  tba  aaparatad  aaall  paaitiva 
partlolaa  flying  ovar  thaaa  atatlona.  Dicing  foahn  typa  II,  ahara 
tha  potar.tlal  grsdiant  la  strongly  lnoraaaady  aoatly  tba  air  aartb 
currant  la  lnoraaaad,  teoj  thla  la  a  sign  of  poaltiva  rpaoa  ohargaa  abova 
tha  atatlona.  Ualika  during  foahn  typa  X,  thara  ara  no  aignlfloant 
variations  of  tha  nanbar  of  aaall  lena  naar  tba  ground,  raoordad  at 
atatlon  Tarohant. 

In  tabla  5  tha  fraquanoy  of  both  foahn  types  ia  given  for  tha  alngla 
non tha  of  tha  yaar.  Typa  II,  logloally,  doaan't  ooour  during  tha  aninaar 
nontha. 
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?«?*  Tartatjvao  of  tho  natural  nrflgtgUrlt^  in  thg  air  durlnjr 

aatta  *****  gg  *>» 

Daria*  *ur  —o*4  nnrtloa  to  th#  Z*«spltsplett  (1955).  upon  whloh  wo  re¬ 
ported  la  Teehaleal  Depart  IT  61  (514 )— 7  3 2— C fc  It  waa  found  that  tho  natural  m- 
dlaaatfvity  la  the  air  llaaa  MUldmblj  at  2600  a  abowo  ooalrrol,  if  thoro 
aro  aoutharu  winds  at  tho  Zu«spltsa-Fe*k.  Vo  wars  ablo  to  show  that  this  4a- 
pogAaooa  on  tho  wind  d tract Ion  baa  a  geological  reaadn  ( compare  figures  106  a 
and  100  b  la  To  ha  leal  la  port  kf  6l  (5U)-752~C).  tlnliks  tho  northern  and 
aou thorn  Alps,  tho  Central  Alps,  sltuatad  south  of  our  station  network,  consist 
of  rocks  with  relatlwely  high  uraaiuai  and  thorlua  contents  (sold  igneous  rooks). 

Messer  aasnte  of^fLturel  radioaotlwlty  of  tha  air  oarrlod,  through  at  Faro hunt 
la  conaaotlao  with  another  project  hare  shown  that  thera  is  a  relation  also 
bates**  natural  radloaotlvlty  of  tho  air  la  tho  waller  end  wind  direction  aloft 
ower  tha  Alpa.  In  figure  67  wo  ooo,  aa  a  function  of  tha  direction  of  tha  wind 
•war  the  Alpa (ehieh  la  not  aaoaaaa rlly  tho  saao  as  In  tho  vallsyl),  tho  ooo- 
eentrutloa*)  of  rada*  and  lto  disintegration  produets  in  tha  valley  air.  In 
Vifara  60.  tha  oo*a  is^ shown  for  t boron  and  dls in t aeration  produots.  It  Is  dear 
fro*  tha  figures  th  at /^adloaot laity  af  tha  walloy  air,  ospaoially  that  duo  to 
rada*  and  dia Integral ioa  produots.  Is  strongly  inorossod  in  each  season  of  tho 
year,  aha*  there  la  southern  wind  over  tho  Alps.  low,  einoe  tho  foehn  traworooo 
tha  Alp*  fro*  south  to  north,  the##  phenomena  of  inoraasod  radioaot laity  occur 
also  during  foaha,  Thus,  ths  lnoroaso  of  th*  nuabor  of  smII  Ions,  l.s.  of  th* 
coodastiolty^at  high  and  lew  levels  during  foohn  is  osusod  by  *n  lnoroaso  of 
natural  radloaetlwd  su baton ooo  (ooo  figured65  and  64). 

Tho  relation*  between  wind  direction  over  th*  Alps,  natural  radioaot lwlty 
of  th*  air.  and  behaviour  of  atsosphorl c  electric  elesents  shall  bo  dealt  with 
attain  In  sections  10  and  11. 

*)  wo  sad*  aaly  rolstiv*  asasuro* onto 


•havdour  of  atmospheric  eleotrlo 


itudes  at  a tat ion  Z 


observed  whan  thla  atatlon  antara  Into  or  comes  out  of  fog. 


Section  0  only  daaia  with  auoh  oaaaa  whara  tha  cloud  tops  do*1 1  carry  any 
algnlfloant  tpaoa  aharges.  I eohnioal  Report  JLF  61  (5^ 4)— 732— C  haa  ooncamad  alao 
tha  b« haw lour  of  tha  atmospherlo  electric  magnitudes  at  atatlon  Zugspltze  obaarv 
#4  during  inwarwlon  passage* ,  in  tha  praaanoa  of  fog,  whan  fog  la  on  tha  point 
of  enveloping  tha  paak  of  tha  Zugwpitse  with  tha  atatlon,  or  thla  ia  Just  oom- 
lng  oat  of  foe,  ato.  In  tha  meantime^  or  an  examination  of  all  tha  raoorda  ob- 
talonad  till  now,  it  appeared  that  now  a  definitive  judgement  ia  poaaibla  on 
tha  ataoapharlo  alaotrio  phenomena  oo curing  whan  atatlon  Zugspltze  antara  Into 
or  ooaaa  out  of  tog,  Thla  entering  or  ooaing  out  oocura  especially,  whan 


a)  during  upward  or  downward  passages  of  invaralona  which  ara  connect ad 
with  fog,  tha  eloud  top,  being  aituatad  in  tha  invaraion  layor  and 
being  more  or  laaa  a harp,  ie  soring  through  tha  station  level; 

aaa  aaction  8.1.»  or  _ _  Q  „ 

Bow  Pit | 

b)  atatlon  Zngapltea  gate  into  tha  baaa  of  Altcetratus  or  comes  out  of  it|' 


With  respect  to  those  inversion  passages  which  ar*  not  connected  with  fog 
effects  at  station  Zugspltze,  axparianca  ia  not  large  enough  till  now,  to  make 
possible  a  definite  judgement. 

Before  giving  typloal  examples  in  aaction  8.1.  and  8.2.,  we  vlah  to  present 
Figures  69  and  70,  whioh  clearly  demonstrate  that  our  recording  equipment  for 
potential  gradient  and  air  earth  currant  is  unaffected  by  wind  effects,  at 
station  Zugspltze  (ware  tha  records  hare  bean  obtained)  as  wall  as  at^sthar 
atatlon,  whara  exactly  equal  instruments  and  Installations  ara  oparatad.  Tha 
currat  of  both  figuras  wart  reoorded  during  fair,  cloudlass  weather.  It  la 
obvious  that  ths  ourvss  E  and  1  ara  smooth  and  not  at  all  influenced  by  rapid 
variations  of  wind  direction  or  wind  velocity  or  by  gusts.  Therefore,  it  la  not 
possible  to  explain  tha  fog  affaota  to  bo  dealt  with  below  by  diraot  influence 
of  variations  of  wind  direction  or  velocity. 


Tha  first  group  of  examples,  illustrated  by  three  Figures  (71  -  73),  shows 
tha  behaviour  of  potential  gradient  S,  air  earth  ourrent  1,  relative  humidity  F, 
temperature  T,  wind  <i  tract  ion,  and  wind  velooity,  recorded  while  station  Zug» 
apltze  comae  out  of  fog  in  the  oourse  of  &  downward  Inversion.  Compared  with 
the  fine  weather  values,  the  potential  gradient  values  are  lnoroaaed  within  the 
fog,  while  the  average  air  earth  ourrent  values  aro  decreased;  but  both  magnl* 
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t.dve  oonfore  to  the  fine  veether  curves,  when  station  Zugepltxe  coese  out  cf 
the  fog.  telatlve  humidity  F  and  teaperature  T  behave  in  a  earnier  which  la 
t/ploai  of  puu|«i  of  levers  loo -fog  tap*  at  peak  a  tat  Iona,  Fhile  coning  out 
of  tho  tha  atation  uaua hj  records  a  ohonge  of  tha  wind  direction,  find 

velocity  and  gua  tineas  oan  daoroaao  (Fleurs  ?1)  or  ineraaaa  (Figure  73)  *n  tha 
oouraa  of  tha  passage.  However,  tbaaa  wind  conditions  hart  no  connection  with 
the  behaviour  of  the  atnoapherlo  wleot.’lo  nagnltudee. 

in  figures  74  and  7b  eaenplee  are  given  for  the  situation  which  la  found 
when  atation  Zufopltae  antarw  lot*  tha  log  In  tha  oouraa  of  an  upward  action 
of  an  Invar-sl on.  Again  the  potential  grad lan t  the  yateatWt  gonddssit  la  inoreaj- 
ad  la  fog,  while  tha  air  aarth  currant  la  lowered.  In  Figure  76,  showing  short 
Interrupted  period*  of  fag,  the  varletlona  are  obvious,  which  aroew,  when 
atetlon  Zugepitee  oene  Into  or  out  of  fog. 

A  totel  of  93  fog  af fvota  of  tha  type  described  In  S.l.  here  been  obaarrad 
during  three  years  (1935,  1956,  and  1957). 


9,2,  Individual  a ramp Ire  of  the  phsnonena  occurring  then  atation 
2ug»pltis  la  at  the  baae  it  Altoetratue, 

A  behaviour  quite  different  free  that  daaoribed  In  6.1.  la  found  for  the 
eteoepherlc  electric  eleaanta  et  atation  Zugepitae  In  caaea  vhere  this  ttdlon 
antera  into  or  ooeaa  out  of  tha  boat  of  or.  Altoetratue.  txaeplee  are  denonetrat- 
ed  In  Figure*  77,  79,  end  79.  Aa  long  a a  atation  Zugepitsa  la  anvaloped  In  an 
Altoatratua  boae  and  tnarefora  eblthln  fog,  air  earth  current  and  potential 
grad lan t  are  strongly  lowered,  eoaetiaee  even  negative.  In  three  years  (1J55, 

1956  and  1957)  45  such  cases  ears  observed,  the  eteospl.erlc  eleotrlo  nagnltudee 
behaving  vltbeut  slept  ion  os  dssclbed.  Thue,  without  doubt,  high  negative 
eoace  charges  exlet  at  the  bees  of  Altoetratue  clouds.  The  result  of  e  statisti¬ 
cal  evaluation  of  auoh  oaaet  la  deeonetreted  already  la  Figure  49. 
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n.j.  Utatlatlcal  tv> lust  ion  of  the  data  obtained  _when  n* mi  f.  Huge grt se 
is  at  th>  top  of  cloud  sheets  In  an  inversion  layer 

Froa  half  hour  to  half  hour,  the  area  between  potential  gradient  (E,‘  ir 

air  earth  current  (l)  curve  and  tern  1  tr,e  was  aeasured  with  pi «jhi -set er#  *n. 

for  a  nuaber  of  typical  cneea,  arlth.'.**t ic  oeane  of  the  half  hour  areas  aero 

lorned  by  synchronizing  the  aroa  values  with  respect  to  the  peonage  of  the 

lor  top  (tiae  '*0M  in  the  flguree),  In  this  way  the  c«ean  courses  of  E  and  1,  a.- a 

i/E(«  measure  of  conductivity)  before  and  after  the  fog  passage  wore  obtained. 

Thin  tin  carried  out  eeparately  for  downward  uaoaagea  (Figure  Oi)  .v.d  upeard 

ossnages  (Figure  80).  The  average  fine  weather  values  of  the  respective  recuru- 
iwr>, 

lng*  which  ware  used,  is  sot  100^  in  tha  percentage  ordinate. 
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Coaptrliw  Piiur*  80  with  Flgura  81  ww  don't  notlew  any  significant 
•now  botwaan  tha  caaa  of  oooinf  fof  (baoauaw  of  th«  uo«nlln(  foe  ihMt  wrr*- 
lopln«  th«  station)  or  laavlng  fo*  (baoauaa  of  aaarcLnf  of  th«  lUUoa  fro* 
th«  subsiding  fof  ahaat)*  In  th«  fo«  tha  potential  gradient  la  laoroaaod  to 
1  JO  -  160  of  tha  flaw  waathar  valua,  tha  air  aarth  currant  la  daoroaaad  to 
•bout  60  jC  of  tha  flna  waathar  valua*  Tha  eonduotiwity  io  daoroaaad  to  about 
40  £  of  tha  flna  waathar  walua. 
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We  ikid  that  there  Is  no  ilaiflkkat  difference  between  tho  owi  of  earning 
fo«  and  that  of  ImvIai  foe l  however,  >•  han  to  oentlaa  a  ••oocvdarj  dlfforaaaoi 
In  tho  oaao  of  aaoondine  foe  (Figure  80),  tho  dooroaao  of  tho  eoodt etlvlty 
(i/l)  takoo  plaoo  already  1  or  2  boura  bo for*  tho  a tat  Ion  on tor*  lato  tho  foe, 
whore ao  tho  analogous  proooaa  la  not  observed  In  tho  oaao  of  an boldine  foe* 

The  reaaon  of  thlo  dlfforonoo,  ao  ve  aaauao,  la,  that  a  haao  or  alat  layer 
oxlata  above  tho  appending  foe  and  la  sored  upwards  toeothor  with  It,  ao  that 
tho  atatlon  gets  lato  and  through  thla  layer,  before  the  fog  reaebee  the 
atatlon. 

A  detailed  thooretloal  treatment  of  thoea  reoulta  la  being  performed . 


9.  Behaviour  of  potential  gradient  and  air  earth  current  at  different 
altltudea  in  the  ■■reeonoo  of  lnrara Iona,  oapoo tally  of  ouch  with 
aheet  olouda.  within  the  area  of  the  atatlon  network 

In  the  laat  Tsahnioal  Report  (AF  61  (51d)-75?-C)  «e  mentioned  alao  tho 
behaviour  of  potential  gradient  and  air  earth  current  at  tho  different  atatlona 
of  our  atatlon  network  during  aaoendlng  or  aubaldlng  lnverelane,  Ve  preo anted 
aoae  Individual  examples,  vhloh  ahoved  that  frequently  the  Inversion  topaoarry 
positive,  and  the  basal  negative  apaoa  charges*  However,  only  In  oaaoa  whore 
horlaontal  wind  currents  and,  therefore,  mixing  prooeeaee  are  very  slight, 
these  soaoe  ohargea  are.  concentrated  to  a  definite,  relatively  thin  layer  dt 
the  respeotive  altitude. 

In  Figure  82  an  exeaple  la  presented  to  demonstrate  oaao  more  ataoepherle 
eleotrlo  conditions  of  this  nature.  At  the  stations  Zugspltws,  tank,  Uffelrlsa, 
and  Obermooa  there  la  normal  fine  weather*  These  stations  are  above  a  stratus 
layer,  the  top  of  which  la  at  the  level  of  station  Ubeoe  ,  sad  record  un¬ 
disturbed  curves  conforming  well  to  the  fins  weather  value  of  Ootober  1 >57. 

At  etatlon  Blbaee,  that  la  in  the  stratus  top,  the  potential  gradient  1m  street 
ly  increased,  whereas  below  the  stratus,  at  valley  stations  Oaralsah  sad  Vor- 
ohant,  air  earth  ourrsnt  and  potential  gradient  are  lever  than  the  fine  weather 
value  and  ehow  relatively  sneeth  curves, 

Za  the  period  oovered  by  the  present  report,  separately  for  o  number  of 
typical  inversion  eases  sad  for  wash  of  the  stations  the  area  between  potential 
gradiont  or  air  earth  current  curve  and  were  lime  was  censured  with  plaaiaetar. 
So  ve  obtained  near  valuta  of  both  nagnltudep.  These  vers  redwood  to  y arose " 
tsgss  of  the  flas  weather  value  (sf  the  respeotive  month  and  hour  of  day). 
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which  iu  put  at  100  )t.  In  figures  8?  -  87*  these  hid  potential  gradient  and 
air  aarth  currant  valuwe  of  tha  atatlona  ara  shown  for  different  oasas  of  in¬ 
versions,  l.s.  inversions  at  different  altitudes.  Each  such  representation  of 
one  Invars  1  mi  cess  (figure  8Ja  -  8?  a)  Is  acooapanlsd  by  a  graph  ( Figures  BJ  b  - 

87  b)  showing  the  appertaining  radiosonde  aeoent  results  of  fcinloh-lles  {  Tt 
Teaperaturei  TT*  difference  actual  tesperetur#  sinus  dew  point  temperature) 
both  In  degrees  Celsius). 

On  looking  over  these  figures  we  find,  quite  uniformly,  praotioally  normal 
fine  weather  values  of  potential  gradient  and  air  earth  currant  evarywhara  aoova 
the  inversion  and/or  tha  stratus.  On  the  othsr  hand,  at  sta'iona  being  just  _in 
ths  top  of  tne  Inversion  and/or  atratua,  potential  gradient  end  air  aarth 
current  ar#  etrongly  lncraased.  The  air  eurth  ourrent  valuaa  are  aleo  lncreas- 
ed  (Figure  84a) i  that  neana  that  tha  increase  of  tha  potential  gradient  cannot 
he  nceounted  fur  oerely  by  the  conductivity  lowered  at  the  station  (cospare 
section  8),  but  that  poeitlva  space  charges  suat  cause  an  additional  rlaa  of  tha 
potential  gradient.  The  potential  gradient  in  tha  top  of  the  inversion  and/or 
stratus  Is  TOO  -  500  %  of  the  fine  weather  value,  flelow  tha  Inversion  and/or 
stratus  tha  percentages  are  1)0  -  fib. 

If,  for  each  station,  sean  valuaa  era  formed  for  periods  when  the  respec¬ 
tive  station  was  In  tha  top  of  an  lnvsraion  and/or  a  atratua,  we  obtained  figure 

88  fros  i*  las  data  and  figure  89  froa  night  tlsa  data.  It  is  obvious  from  the 
figures  thut  during  ths  night  the  Increase  of  potential  gradient  and  air  earth 
current  is  such  larger  than  in  day  tlaei  the  reason  is  slsply  that  during  the 
sight  there  is  lees  turbulence  and  h.tgbe:  apaoe  oharge  densities  can  accumulate 
av  ths  boundaries  of  Inversions  end/or  atratua  layer 

for  each  station,  sean  values  were  calculated  aleo  for  periods  whan  tha 
respective  station  was  below  the  Inversion  and/or  etratue  (figures  90  end  91). 
Here  the  differvr.oe  between  day  tine  and  night  results  la  only  snail.  This  oar. 
easily  be  accounted  for  by  the  wind  current  below  the  inversion  and/or  atratua 
being  slight  also  in  lay  t!»n.  at  ell  the  stations,  when  being  below  the  in¬ 
version#  and/ or  stratus,  the  values  of  potential  gradient  and  air  earth  current 
are  about  hi)  <  of  the  respective  fin*  weather  veluee. 

figure  9?»  lastly,  gives  the  analugoue  seen  potential  gradient  end  air 
earth  ourrent  values  for  each  of  the  etatloae  during  periods  when  the  etetlon 
was  not  within  tha  top  nor  within  the  bees  of  e  stratus,  but  In  the  aldut  of  It, 
Hers  the  potential  gradient  is  always  lnoreaswd  to  190  -  TOO  )t  of  the  respective 
fins  weather  value,  thereea  the  air  earth  current  is  1  n versa  to  80  -  OC  it. 
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rig urs  92 

boh  Station  within  teg 


Gb  a  ooaparlaon  of  Pleura  92  with  Plguraa  89  and  89  va  notloa  that,  wftthJa 
tha  atratua  top,  tna  potantlai  radiant  laoraaanta  alwhjrs  ara  praatar  than  1* 
tha  aidat  of  tha  thiok  tog.  This  faat,  and  tha  dlffaraota  la  tha  air  aarth 
ourrant  bahariour,  a#»ln  (Its  arldanoa  of  tha  posit  Its  apaea  ohargas  azlatlae 
In  tha  stratus  tops, 

k  tuaorat  loal  lmraat  lf*t  Ion  baa  ad  upon  thaaa  rasults  la  balnf  parfor- 
nad.  It  shall  ba  raportad  upon  latar, 

Tafcla  fc,  lastly,  glass  tha  total  nuabar  af  tjrploal  oaaaa  obssrrad. 
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Table  6 


Position  of  station  relative  to  Total  nunbar  of  oun  in  3  years 

stratus  cloud  and/or  inversion  ('955  ♦  *956  ♦  1957) 


just  "it hit  tip  of  Inversion 

positive 

foreign 

fleldi 

46 

and  /  or  stratus 

negative 

foreign 

fialdi 

0 

below  bass  of  inversion 

positive 

foreign 

fleldi 

0 

and  /  or  Stratua 

negative 

foreign 

fleldi 
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10«  Electric  conductivity  of  tha  air  bataaan  700  and  3000  a  above 
aaa  1 avail  influtncs  of  convection  and  southern  wind; 

Froa  tiaa  to  tiaa,  fina  weather  aeaaureaente  of  the  positive  and  of  tha 
negetlwe  conductivity  of  the  a'r  aara  carriad  out  at  each  station.  The  dat» 
obtalnad  till  aprlig  195*  have  baas  an—rlaad  already  in  Technical  'I'.ort 
IF  61  (5U)-732-C.  In  an  analogous  tabla  ard  graph  V  roaar.t  raport  shall 
give  Information  about  atl  tha  data  obtained  till  April  lQ!j6  (970  aaaauraaanta 
aara  carriad  out  for  tha  positive  conductivity  and  tha  »a-ie  nun  bar  of  maaeure- 
aanfa  far  the  negative  conductivity 

Tabla  7  shows  tha  naan  raluaa  oi  all  that*  data,  no  claaalficatlon  being 
>ad a  with  raapact  to  eaathar  type  atr 

Figure  93  ahoaa  tha  a  aaa  raluaa,  l.a.  only  tha  total  conduct  lvltlas,  gra¬ 
phically  aa  a  function  of  tha  station  lasal,  They  ora  claaal  led  aa  foUosai 

a)  station  within  exchange  layar,  diallnci  vertical  conwaction 
' daahad  lloa'i 

e)  all  tha  aaaauraaanta,  a.f.  alto  thosa  obtained  In  caaaa  of  pradoalnaa 
Inc  edvectlon  ( haary  continuous  lLna)| 

c '  only  tha  lata  vhtoh  aara  obtalnad  durlnc  winds  owar  tne  Alps  froa 
1*  -  y*  (daahad  and  dotted  Una). 

A  coaparlaon  of  tha  two  laft  curves  ‘n  Figure  93  will  ahoa  that,  by  vertical 
ei'hnnga  (a),  tha  aonductlwity  (  A.  )  is  Inaraaaad  at  tha  wallay  lasal  (Onraleeh, 
Fare's’ t;,  and  lowarad  at  bltftsr  levels.  %ttht*  tha  exchange  layar,  tha  cooduc- 
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figure  33 

Kleotrlc  conductivity  of  the  air  batwwn  700  and  3000  ■ 
above  eeelevelj influence  of  convaotion  ("Auatauach")  and  of 
•  outham  winda 

tivity  varlaa  only  llttla  aith  height,  ahion  la  In  good  agraeaant  with  the 
aircraft  Maeurementa  of  Sajralro  ( 1 93&)  • 

Tha  heavy  continuous  line,  including  all  tha  seaeuremente  (b),  la  nearly 
an  ideal  logarithmic  line.  A  logarithmic  dayendanoe  on  height  la  mctr.ialned, 
ahun  the  wind  over  the  Alps  Is  In  the  south  (SI  -  Si)  but  In  these  oases  the 
conductivity  Is  atrongly  Increased. 

As  oeuse  ef  this  conductivity  inorease,  aa  must  take  into  consideration 
tha  increase  of  tha  natural  redlosetlvlty  of  the  air  observed  regularly  during 
clnda  over  the  ridge  of  the  Alpe  from  31  -  SI  (eee  emotion  7. 2.),  Theme  re¬ 
latione  enell  be  dltaueeed  more  extensively  in  the  following  emotion. 
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11.  Influsno*  cf  ths  natural  indtoaotlvlty  of  the  air  on  th* 
ataosphsrlo  ol*otri.c  amupltuds*  at  diffgrgnt  level* 

The  oonntctlon  b«tmn  natural  r'idioaotivlty  of  the  air  and  ataosphsrlo 
elootric  magnitude*  tu  studied  by  using,  on  ths  on*  hand,  th*  fin*  wsathsr 
r*cord*  of  th*  sevsn  station*  aa  **11  aa  th*  appertaining  •valuation  result*, 
and,  on  th*  other  hand,  th*  Tarchant  measurements  of  the  natural  radioactivity 
of  th*  air,  which  tsr#  carried  out  aeveral  tines  a  day+).  Bach  filter  waa  ex¬ 
posed  four  hours. 

For  each  exposition  period  of  four  hours,  ••  calculated  th*  deviation  of 
the  individual  observed  four-hourly  scan  of  the  atmospherlo  electric  magnitudes 
from  the  respective  me- Lilly  fin*  weather  naan  of  th*  aaa*  four  hour-period. 

These  deviations  were  expressed  as  percentage^  the  mentioned  respective  monthly 
fine  weather  means  being  put  at  100  The  calculation  was  oarried  out  far  the 
values  of  potential  gradient  and  conductivity  (computed  from  l/E).  Then  the 
nean  values  of  these  percentages  were  calculated  for  5  degrees  of  simultaneous 
natural  radioactivity  of  tha  air,  and  that  for  each  station. 

The  result  of  this  analysis  is  given  in  Figure  94,  the  data  of  which  were 
obtained  Kay  -  November  1 956-  The  radioactivity  values  entered  are  those  of  the 

respective  radon  contents  of  the  sir.  We  notice  that,  during  the  presence  of  the 

-12 

average  radioactivity  of  the  air  in  our  region,  which  ie  160  -  270  x  10 
Curie/m^  radon,  the  deviations  of  the  potential  gradient  are  email,  and  their 
sign,  i.e.  whether  the  measured  mean  values  are  below  or  above  the  fin*  weather 
mean  values,  changes  unsystematically  with  height.  The  conductivity  is  slightly 
lowered 

If  the  natural  radioactivity  of  the  air  is  90  -  180  x  10~12  Curie/a^  radon, 
i.e,  lower  than  the  average,  the  potential  gradient  le  la erf  seed,  the  conducti¬ 
vity  decreases  at  all  station*.  If  the  natural  radioactivity  of  the  air  ie 
higher  than  270  x  10  Curie/m'  radon,  i,o,  hign*.  than  the  average  of  our 
region,  all  th#  potential  gradient  values  are  lower,  the  conductivity  value* 
higher  than  the  fine  weather  value  of  the  reepeotive  station  and  that  the  more, 
the  greater  le  the  radioactivity.  Ihiring  extreme  values  of  natural  radloaetivity, 
this  being  higher  than  540  x  10"  Curie/m3  raden,  the  potential  gradient  ie 
lowered  by  about  20  jt,  while  the  oonduotivlty  ie  about  20  f  higher  than  in  fine 
weather.  The  difference*  from  station  to  station  are  not  very  stri  king  nor 
■yatematio.  Rowwver,  frosi  the  figure  it  would  appear  that  the  influence  of  the 
natural  radloaetivity  ie  enalier  at  station  Zugepitse  than  at  the  other  etetlone. 
*)  by  areas  of  a  flltsr  air  eaavler 
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nfluanca  of  trie  natural  rad loact tr tty  ( concer, trat Ion  of  radon  In  tha  air) 
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For  low  yaara,  lnraatigatora  hara  been  diaouaainf  th*  lnflu«no*Vof 
nuclear  flaelon  product*  on  th*  ataoapharlc  *l*otrlc  element*  (see  Harrl* 

(  1954,  1955),  Eoenlgafeld  (195«),  Piero*  (1956),  Balter  (195«)  ).  Sino*  oo«- 
tlnuoua  record*  of  aaaeral  year*  ar#  at  our  diapoaal,  and  that  for  all  th* 
atatlona,  it  vac  lntereetlnj to  exaalnt  th*  monthly  a* ana  of  th*  potwitlal 
gradient  with  raapaot  to  thla  problem,  Tha  curree  In  Flyura  95  -  apraaant 
th*  fin*  waathar  monthly  ma ana  (P)  of  th*  potential  grrdlent  at  th*  dlffarant 
atatlona.  At  Zugapltte,  tank,  Rlffalrlaa,  Obermcoe,  and  Elba**,  w*  don't  notlo* 
any  a.vataaatioal  going  down  of  th*  ourY«a4Wiin*l**t  year*.  At  Qamlaoh  thar* 
la  a  wary  light,  and  at  Farchant  a  dlatlaet  lowering,  Howerer,  alno*  aa  la 
known,  tha  ''laalon  product*  art  praaant  not  only  In  th*  low  level  air,  bat  *\ao 
higher  tp,  fro*  whar*  they  ar*  cowing  down,  thair  lnfluanea,  If  noticeable, 
would  b*  not  cad  alao  at  tho  higher  atatlona)  but  h*ra,  no  auoh  In  flu  an  o*  la 
euggasted  h»  1  ha  figure.  If  th*  ooura*  of  th*  monthly  naan*  of  the  natural 
radlonct  ,rity  in  th*  air  •  radon  concentration  In  th*  air,  unit,  10* 

Cuna/e^)  »'J  that  of  th*  monthly  mean*  of  th*  fiaaion  product*  contained  In  th* 
•1 ,2  3 

air  (Rk  1  unit,  10  '  ('uria/m’j,  both  maaaurad  at  atatlon  Farchant,  ar*  compared 
with  th*  potential  gradient  cure**,  an  approximately  anti- parallel  coura*  will 


Fin*  weu.ner  monthly  aaana  of  th*  potartlnl  gradient  (P)  for  *aeh  atatlon. 


*)E*pee tally  an  *r*ntua 1  d*ore*a*  of  th*  potential  gradient  ha*  b*«a  ooe*ld*rad 


be  not load  for  Qaralsoh  and  rerchant,  but  alio  a  partial  parallallaa  for 
atatlona  tlbaaa,  Oberaooe,  Rlffelrlae,  and  Zugspltze.  Tha  course  of  tha  oon- 
eantratlon  of  flaalon  product a  in  tha  air  with  tine,  therefore,  doacn't  halp 
ua  to  aoaoant  far  tha  potential  gradient  oovu~#». 

Curve  ”8"  lb  figure  95  repreewta  tha  aaroaol  ocnoart ration  of  tha  all 
at  station  Parohant,  and  that  In  relative  unit*.  It  la  rethar  parallel  to  tha 
potential  gradient  curve*  of  Qaraieeh  and  Parohant,  Thla  parallel lee  la  due  to 
a  real  eauaal  oonneotioo,  elnoe,  tha  aora  aaroaol  pertlclca  are  In  tha  air, 
tha  loaar  la  tha  conductivity  of  tha  air,  and  tha  higher  tha  potential  gradient 
(coapar*  Tscnnlcal  Report  AP  61  (5^4)— 73 2—C ) .  At  the  higher  atatlona  Ell;**, 
Riffelnse,  etc,,  the  annual  variations  of  the  aaroaol  content*  of  the  a.  ••  are 
not  the  lui  a*  at  the  valley  atatlon*  Caralach  and  Parehanti  tnerefo re  it  le 
quit*  conaequent  t,.at  the  *3*  -  curve.  Matured  at  Parohant,  la  not  parallel 
to  the  potential  gradient  curve  of  thee*  higher  atatlona,  a  faot  ehlch,  on  the 
other  hand,  la  not  Inconsistent  eith  a  causal  connection  between  "S"-curv*  and 
potential  gradient  at^vallej  level. 

With  respect  to  the  annual  variations  of  tha  potential  gradient,  the 
curves  obtained  in  the  valley  Mat  be  antiparallel  to  those  obtained  at  tha 
higher  stations,  elnoe  the  highest  air  pollution  of  the  valley  air  la  observ¬ 
ed  in  sinter,  the  season  during  whloh  the  purest  air  of  the  whole  year  la  found 
at  higher  level*. 

To  aud  up  the  results  given  In  thla  sections  there  1*  a  considerable 
Influence  of  the  natural  radioactivity  os'  the  air  on  the  behaviour  of  the 
ataoepherlo  eleetrlo  aagaltudea,  but  the  present  concentrations  of  nuclear 
fission  products  In  the  air  don't  Influence  the  behaviour  of  the  ataospherlo 
eleetrlo  aagnltudee  between  TOO  and  5000  a  above  the  aealevel  (for  aoi*  de¬ 
tail*  ***  letter  (1958)  ). 


1 1t  thmiartigja  foreoset*  ejth  epberlo*  recording* 

Oh  1*9  days  of  euaaer  1956  (5  son  tha,  June  -  October)  an?  on  147  day#  of 
Svmmr  1957  (  6  aoatha,  April  -  Sapteabsr)  teat  forecasts  were  .carried  out 
concerning  the  thundsretnra  frequency  to  be  axpaoted  within  tha  Alpine  area 
during  tha  PO  hour*  felleslng  th*  foreoaet.  Tha  forecast  saw  aad-  aleays  at 
09.00  CBf  In  1954  and  at  0*. 50  C 0  la  1957,  and  that  la  1954  by  ***«#  of  th# 
tpharlea  reverted  betssaa  17.00  and  09.00  C»,  U  1957  by  aaaa*  *f  Ah*  *ph*rloa 
rsasrdsd  bate***  04.00  and  00.50  IV,  Tha  purges »  #f  .hi*  verb  was  te  aeserteln 
rsUahlltty  and  gatgraplieel  range  of  sash  forefeet*. 

The  highest  easnlt^vity  af  tha  rw%v»t  used  was  la  tha  band  >j  -  TO  he. 
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Sensitivity  of  tha  aapliflar  v.  fraquancy  of  tha  alsctroaRgnatio 
mu  no  livid 

In  Plgurs  96  tha  ainiaua  voltvr»>  naoaaaary  at  tha  aapliflar  Input  to 
aaka  riapond  aapllflar  and  oountar,  la  plottsd  afalnat  tha  fraquanoy  of  tha 
alaotroaajrnatlc  aavaa  raoalvad.  Tha  aanaitivlty  thraahold  of  tha  raosiwsr  «as 
aat  ac  i.i*h  that  only  ralatlvaly  atrorfpulssa  aara  o  cun  tad,  l,a.  pulaaa  with 
ralativaly  hi*h  aaplltvdaa. 

In  aahlrvt  tha  thundaratora  foraoaata,  thraa  dagraaa  of  tha  suahar  of 
pulaaa  ncordad  within  tha  two  hours  p ra o sd  1  nf  tha  roraeaat  wars  dlst  ln*ulahad 
(aaa  balow).  Unordln*  to  thaaa  dsfrsaa,  thraa  aorta  of  foraoaata  aara  rtvan 
as  follows i 
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P  Ot  Ho  thuidaratora*  to  b*  ixpaotad.  TMo  foraout  au  given  In  195$ 
on  B6  day*,  In  1937  on  S3  day*. 

P  1i  Only  •  ■nail  miabor  of  thund*x«tor«*  to  be  arpaotad.  Thl*  for* out 
vu  given  In  195$  on  28  day*,  in  195?  on  )8  day*. 

P  2i  *  era at  nuabar  f  thundaratoraa  to  b*  expaotad.  Thl*  foraout  aaa 
given  In  1996  on  33  d»ye,  In  1997  on  24  days. 

In  Pigur*  97,  curv*  0  (dotted)  give*  the  average  diurnal  variation  (hourly 
aaan*)  of  th*  nuaber  of  pulaaa  par  hour  on  the  83  day*  on  auaaer  1957,  *han 
foraout  P  0  aaa  given  in  the  aornlng.  Curve  1  (daahad)  of  tha  figure  give* 
th*  1  ana  for  th*  36  day*  In  auanar  1957,  ahan  foraout  P  1  vu  glvart,  and  curve 
2  give*  It  for  th*  24  day*  of  nuatr  1957,  *h*n  foraout  P  2  au  given  in  th* 
morning.  *P“  th*  tiu  ahan  th*  foraeaat  au  aad*.  It  la  evident  fro*  th*  fi¬ 
gure,  that  t  -ra  la  a  connection  between  th*  cuabar  of  pulaaa  par  hour  In  th* 
aoming  and  than  tarhanoy  (ahathar  la  1>  lncrauiog  or  dacrauing)  on  th*  on* 
hand,  and  tha  behaviour  of  th*  aparlca  in  th*  coura*  of  th*  au*  day  on  th*  other 
hand. 


figure  97 

Average  dlurul  variation  of  th*  aphario*  pule**  an  p  0,  PI,  and  P  2  day* 
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than, In  tha  aomlng,  tha  apart  c  a  pulaai  art  abort  a  oartoin  thraahold, 
and  from  thia  thraahold,  an  lnfaranoa  aan  bt  dram  aa  to  tha  height  of  the  follow¬ 
ing  autlaua.  Than, In  tha  ao Thing,  thalr  nuabar  par  hour  it  aery  lot  ( aaa  Figure 
97),  a  atrong  rlaa  la  not  probabla  on  tha  aaaa  day, 

Tha  altalogoua  curraa  of  (tiaier  1936  art  glaan  In  Figure  98.  i  ooaparlaon 
of  Plgura  97  alth  Figure  98  ahoaa  a  practically  coaplata  agree  eent)  thua  *9  oan 
eay  that  tha  raaulta  daaonatratad  In  Piguree  97  and  96  art  of  general  valua  and 
lndapandant  of  tha  weather  daralopaant  varying  frot  aoaaar  to  snaar. 


Figure  9® 

Average  diurnal  rarlatlon  of  tha  apharloa  pultaa  at  F  0,  ?  1,  art  P  2  day* 

’93b 

So*  It  Had  to  ba  etaalnad  ho*  theee  raaulta  agree  alth  tha  aatual  dla- 
trlbulion  and  frv^uensy  of  thundaratorta  on  tha  fotecaet  daya  ahithla  a  oartala 
gaogrtpMeal  a/aa,  and  tha  percentage  «<  tight  roroaata  had  to  ba  aaaartalaad, 
For  Vhja  purpoaa,  al '  tha  tbuadaratoraa  ?b*er»e«  *f  4J  eat acre 1  gleal  a  tat  lone 
1*1  tha  Alpine  araa  >r  Jaraaajr,  Auatrla,  Seilheriavi,  and  Italy  aara  a*  traded 


fro*  the  teleprlnt  report*  of  th«  respective  V**th*r  Buro*oo,  and  that  for 
the  149  nlue  14?  forecaat  dajra.  About  ' ?C,000  teleprlnt  report*  eer*  uaed. 
••••  ,-e yr*i hlc»l  distribution  of  the**  eoteorclof lc*l  *t*tion*  1*  given  in 
Pi  •<  r*  <d. 


f’l/-ur*  9‘) 

,rhe  georrajhical  distribution  of  the  45 

■eteorclorlcal  stations  tn  the 
Alpine  area 

Tn  thl*  figure,  ee  *ee  the  ehole  Alpine  area  divided  Into  4  aonee  bv  con¬ 
centric  clfleo  of  100,  190,  290,  aid  490  ka  radius,  eon*  1  being  a  circular 
surface,  souse  II,  III,  and  IT  being  annuli.  Station  Forohant,  et ere  the  apherlee 
are  recorded,  le  the  centrei  *0.  I  1*  nearest  to  Fsrehart,  tone  IT  nas  tn* 

, -rosiest  distance.  Sauh  ot  the  aonee  contains  epproilaatsly  an  equal  share  of 
the  4'  eeleorologloal  etallun*  situated  el'.hl.n  or  near  the  Alya,  an  1  all 
4*  iltJtior.s  are  situated  'It*  Sr  the  area  «f  the  4  «on*e.  The  Investigation 
,4  to  te  raatMced  to  tie  Ai;a  sol  ttetr  neighbourhood,  fseauee  thle  area 
euat  te  regarded  a>  a  unity  ait’  lee  .ert  to  the  tkunderat -re  (  ifnall  m. 


0 
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It  iu  aeoertalned  bo*  many  thunderatoraa  were  obeerved  (by  tha  neteorole- 
gloal  eUt ton*  la  tb*  reapeotlee  too*}  per  foraaaet  typa(  2  0,  2  1,  2  2),  mu 
( I,  II,  III,  IV)  and  inter*  *1  r*  ported  a  poo.  Thl*  «m  aarriad  nt  for 


a)  tb*  report*  gives  every  third  boor  (figure  100)  i  report  lac  hourei 
00,  05,  Od,  0$,  12,  15,  IS,  and  21  Off |  o be err* t  ton*  uadi  thunder- 
•tone,  audible  thunder,  aheet  lightning*  at  night. 


b)  the  re porta  gives  every  sixth  hour  (figure  101 ) ■  reporting  bourn 
00,  06,  12,  18  MTi  observation*  ueedi  thunderatoraa  eithln  the  6 
hour*  preceding  the  reporting  hour. 

In  figure  100,  the  reeulta  of  both  195S  (white  ooluau)  and  1957  (blank 
ooluana)  are  denoitatrated.  Ordinate*  of  eaoh  horliontal  line,  lh«  average  fre- 
quanoy  of  a  thunder*  ton  obeervatlon  par  a  tat  loo  and  interval  reported  upon. 

It  lo  obrloua  that,  for  son**  I  and  II,  the  ebeervel  ihunderihn  freuoenoy 
actually  oorraaponda  elth  the  forecast  degree. 


In  oeae  of  2  O,  the  probability  par  ataticu  of  tha  too- J»no«  of  thunder- 
etoraa  between  19  end  22  C0  (saxiaua  of  tb*  thunderaton  frequency)  1*  only 
0.02  la  tone  I.  In  the  one#  of  2  2,  tha  probability  per  station  of  tha  occurr¬ 
ence  or  thunder* tone  la  about  0,2,  that  ia  te  iajr  tan  tinea  tha  vulue  of  2  6, 
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In  the  mm  son*  and  during  tha  sum  hour.  0.2  aigniflo*  that  an  average  of 
about  two  • tat ion*  of  ton*  I  Out  of  ton  observed  thundaratorna  between  19  and 
22  CBT  in  eaaaa  ahara  foraoaat  P  8  had  boon  given.  In  view  of  tho  foot  that 
alao  for  tho  othor  thro*- hour  porloda  thunderatoraa  wara  ra port ad,  wo  aro 
allowad  to  aay  that  in  tha  oaao  of  P  2  a  great  nuabor  of  thundarotoraa  ooourrod 
in  aon*  I  (and  alao  in  tana  II). 

Coopering  thla  with  tha  raaulta  for  aona  IT,  wa  find  haro  tho  difforoneoa 
batwaan  tha  forcaat  degreea  to  ba  rolatival y  aaall.  Concaquently,  tho  forooaat 
can  ba  con*idar*d  to  ooror,  round  about  tha  recording  place  of  tho  ophorloa,  at 
laaat  an  are*  of  150  lea  (93  ailea)  radiua. 

1  aiailar  raault  ia  found,  if  tha  report*  given  every  oixth  hour  ara  oon- 
•idered  (Figure  101).  Tha  diffaranoaa,  in  tha  thundarotora  froquonelaa,  bat- 
wean  P  0,  PI,  and  P  2  ara  wary  dear  in  aona*  I  and  II,  only  alight  in  tone  III, 
and  alaost  imperceptible  in  zona  IT. 
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In  oui  P  0  and  tone  I,  the  thunderstorm  probability  par  atatlon  la  0.05 
bataaan  19  and  01  CUT  (aaxlaua  of  thunderstorm  activity),  Thla  aaans  that,  at 
tha  ateraga,  thundaratoraa  ara  obaarred  within  tha  six  hours  btforc  01  CIT  only 
by  ona  atatlon  out  of  20.  In  oaaa  P  1  and  aona  X,  tha  thundaratora  probability 
par  atatlor.  for  tha  aaaa  houra  la  0.25.  i.a.i  5  atationa  out  of  20  auat  ra port 
thundaratoraa.  In  oaaa  P  2  and  tana  I,  tha  thundaratora  probability  par  atatlon 
for  tha  aaaa  houra  ia  O.J  ,  i.a.i  lOatatlona  out  20  auat  raport  thundaratoraa 
obaarred  batwaan  19  and  01  CXF.  Tha  condition*  P  Ot  Ho  thundaratoraa  to  ba  ex¬ 
pected,  P  It  Only  a  aaall  auabar  of  thundaratoraa  to  ba  expaoted,  and  P  2t  A 
groat  number  of  thundaratoraa  to  ba  expected  ara  fulflllad  satisfactorily  for 
zona  I  and  atill  for  zona  II,  tha  raaulta  of  tha  two  yaara  being  in  wary  good 
agreement.  Figure  101  ahowa  that  tha  gt  -aphioal  ran ga  of  tha  foraoaata  ia 
about  150  ka  (93  ailea). 

In  oalcutatlng  tha  auooaaa  probabllltlj  of  tha  thundaratora  foraoaata 
of  1956  and  195?,  theca  balng  based  only  on  t:.t  raoordad  aperies,  tha  "tandan- 
oy  of  persistence"  was  always  takan  into  aocc-nt.  Only  tha  firat  two  daya  of 
pareiatant  periods  with  or  without  thundaratoraa  wera  uaad,  tha  rest  waa  re¬ 
jected,  If  the  reet  wera  inoludad,  the  resulting  percentage  of  fight  forecast* 
would  b#  .00  high. 

Ir  auiaar  1937,  th#  following  result  waa  obtained  with  regard  to  tha  per¬ 
centage  cf  right  thunderstorm  foreoaatai 

Nuabar  of  right  foreoaatai  110  -  65  % 

Hunter  of  wrong  foreuustei  19  -  15  % 


euai  129  -  100  % 

Foraoaata  ware  aada  on  147  days)  18  of  these  daya  were  rejected  because 
of  tendenoy  of  peraietenoe  (aee  abore),  The  maxlmua  percentage  of  forecasts 
which  could  be  right  only  by  chance  1*  65  Jt  (in  the  case  of  129  forecasts). 
Consequently,  a  share  of  85  %  right  foraoaata  ia  beyond  chanoe.  In  1956,  7# 

of  tha  foraoaata  wars  successes. 

Conclusion*  of  section  12 

Proa  tha  nuabar  of  apharioa  obaarred  in  tha  aoming  it  is  possible  to  in¬ 
fer  aatiafaotorily  tha  thundaratora  frequenoy  of  tha  aaaa  day  till  about  t  hours 
after  midnight  for  an  area  of  about  93  alias  radius  round  tha  station  recording 
tha  apharioa.  This  oxperianoe  oan  ba  of  preotioal  inportanoa  in  those  regions 
where  tha  network  of  meteorological  atationa  its  not  danse  enough,  and  where 
no  radiosonde  eaoenti  are  oarried  out.  Hare  it  nay  ba  possible  to  lapror*  tha 
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reliability  of  thundwrstora  forecasts  by  the  relatively  eleik  rwoording  of 
apherloa.  Beyond  this,  alaoe  the  9 her ice  of  the  frequency  reoeived  by  our 
eat  generally  are  lndioatlwe  of  atmospheric  lability,  thla  aort  of  recording 
ie  a  eultable  ooapleaent  to  the  uea  of  potential  gradient  record*  mentioned  in 
eeotlen  4. 


It.- Correletloae  between  thunderstorm  freoueno*.  apherloa  and 
sun  flares  ( Fleuro  102) 

We  are  regularly  receiving  the  dally  emgejof  the  eun,  edited  by  the 
mtmHOrc'9  DiSTITT?,  Freiburg  la  Breiegau,  Oeraany  (Dlrectori  K.O.Klepenhwuar) 
They  include  aleo  '-nformatione  on  etort  and  end,  poeltlon  on  the  eun,  and  Im¬ 
portance  of  florae. 

It  haa  been  investigated,  If  the  'requenoiee  of  thunderatorao  and,  con- 
aequently,  of  epharlee  are  altered  beyond  the  variations  ehloh  could  bo  oaus- 
«d  by  chance  during  flares  end  in  their  temporal  neighbourhood.  The  investi¬ 
gation  was  carried  out  for  stiver  1957  (‘in  1956,  flares  oooured  too  Seldom) . 

The  study  eaa  yae#'4  cn 

e)  the  days  on  which  flares  were  observed 

b)  all  the  thunderstoras,  reported  per  day  by  tha  above  mentioned  43 
lupine  ■ tat .one  (which  also  were  used  for  the  studies  dealt  with  in 
sect loo  12) 1 

c)  the  nurbera  of  epherlos  pulses  of  each  day,  always  davldad  by  24i 
or  the  logarithann  of  there  dal!;’  naans  par  hour. 

In  selection  the  flare  days,  we  looked  at 

a)  the  iaportviee  o#  the  respective  flares 

b)  their  position  on  the  sun  relative  to  tha  central  naridlan 

c)  their  posHirn  >n  the  eon  relative  to  the  equator. 

The  distinctions  tads  with  respect  to  this  b)  and  o)  (sew  tops  of  Fi- 
rure  102)  are  significant,  because  the  partlole  oluetwrs  ejeotwd  by  the  flares 

i  0 

si  known,  don't  strike  upon  the  earth  unless  the  eruption  haa  taken  plaee  in 
tie  neighbourhood  of  the  central  aeriiian  and  equator  of  the  sun. 

By  restriction  aoeording  to  a),  b),  and  0),  three  groups  of  fisve-day* 
*ere  obtained!  for  each  grcrwp,  the  aeon  0 curse  of 

a)  spherlv-e  (logarithmic  of  dally  Beans  per  how  ) 

B)  thunderatorao  reported  per  etatic  .  end  day 
on  the  three  days  precqjllng  the  selected  flare-days  (  -3,  -2,  -1),  on  these 
flare-day*  (0),  and  ou  the  four  day*  following  the  e-leoted  flora-days  (el. 
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+2,  +3,  +4)  were  determined  (synchronisation  method)  end  entered  la  Figure  10*. 

At  th*  top  In  Flgurs  102,  th*  respective  position  and  Importance  of  flares 
and  the  nuaher  of  selected  flare- day*  (a)  of  iumi  193?  1*  indicated  for  eeoh 
group.  The  upper  ourree  deaonetrete  the  avtrag#  behaviour  of  the  sphrrios,  the 
lover  ourree  the  average  variation*  of  the  thunderetora  frequency  before,  on, 
and  after  each  sort  of  flare  day*.  We  notloe  froa  the  Figure  102  that, on  the 
arerage,  th*  frequency  both  of  thunderstorm*  and  spheric*  1*  increased  after 
flare*.  The  aaxiaoa  is  reaohed  1  or  2  or  3  days  after  the  erupt:  n.  It  is  in¬ 
dicated  by  this  obserration  that  thunderstorms*  can  be  induced  by  the  particle 
olouda,  which  are  ejected  by  the  flare*,  and  which,  as  i*  kr.oun,  cor*-*  the 
distance  sun-earth  within  1-2  days.  The  port lone  of  the  aurve*  surpassing 
the  werietione  oeuded  by  ohanoe  nave  a  black  filling  -  out.  for  calculating 


/  LRRES (Mol)  summ£r1957 

tr&  to'*  n-tr  we-xrw  »•//  ttre-w*  n-t* 


Nuaber  of  spherics  and  thunderstorms  before,  on,  and  after  flare  daye.  Abcoiaeaet 
time  relative  to  flaro-dey  (0).  Ordinate  of  upper  three  graphsi  mean  value  of  lo¬ 
garithms  cf  hourly  sums  of  spherics  pulses  per  day.  Ordinate  of  lower  three 
graphsi  seen  value  of  nuabers  of  thunderstorms  reported  per  aeteorological  eta- 

ticc  and  lay. 
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the  range  of  ohanoe  dieperwlon  vt  used  a  cowman  methodi  the  etandard  deviations 
G*  from  the  arithmetic  assn  of  the  values  forming  the  curves  of  Figure  102 
sere  ealeulated.  Whenever  a  as  an  of  thunderstorm  numbers  per  etatlon  and  da/ 
or  of  apherloe  logarlthaa  (a a  defined  above),  obtained  bjr  synchronisation, 
had  a  deviation  from  the  arithmetic  mean  of  the  value*  forming  the  respective 
ourve  of  not  mo-«  than  three  tlaee  the  standard  deviation.  It  vaa  as a used  to 
be  possible  determined  by  chanoe.  Deviations  hr  more  than  three  times  the 
standard  deviation  from  the  arlthmic  mean  of  the  values  forming  the  reapeotlve 
curve  In  Figure  102  wart-  considered  to  have  a  cause  beyond  chance. 

It  auet  etlti  he  aentloned  that  there  is  no  contradiction  between  th* 
maximum  of  spheric*  b«  l/.g  after  the  flare  and  the  other  sell  known  observation 
that  the  aphenos  rer.erally  inoreaae  simultaneously  with  thw  flare  anl  that  for 
a  relativaly  short  ui ration  only. 

The  latter  it  .i.  nation  le  baeed  on  highly  sensitise  recordings  of  spherlos, 
wave*  being  recanted  which  have  covered  great  diatancaat  in  this  oasa,  tha 
lonoapheric  propagation  conditions  are  of  iaportenoe,  which,  for  long  waves, 
are  Improved  during  and  Immediately  after  flares. 

On  the  otner  hand,  the  spherics  received  at  station  Farchant  have  e  rela¬ 
tively  near  provenance;  they  indicate  the  variations  of  the  thunderstorm  fre¬ 
quency  for  150  -  200  km  round  Farchant  (sea  section  12),  the  ionospheric  con¬ 
ditions  for  wave  propagation  being  of  practically  no  influence. 

Thus,  as  ssssntlal  ws  may  state,  that  tha  thunderstorm  freuqency  Increases 
1  -  2  days  after  flaree  of  relatively  high  importance. 
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14.  Relatione  b>t»««n  the  oontente  of  nitrate  yl  nitrite  loot  In 
preoipitation*  and  elmultan.ioua  atmoepherlc  electric  prooeeaee  +) 

14.1.  Introduction 

It  la  nora  than  a  hundred  ysare  alnaa  investigator*  began  to  deter* in#  tha 
oontanta  of  nitrate  ions  or  tha  tun  of  nitrate  and  nitrite  lone  in  preolplt^ona. 
Slnoe  that  tiae,  a  great  number  of  papers  hare  dealt  with  analysts  of  nitrate 
(HOj' )  and  nitrite  (NOg')  in  preoipitation*  On  >he  average,  about  1 .5  mg  NOj' 
and  about  0,05  eg  HOg*  were  found  per  litre  of  preoipitation.  The  values  vary 
considerably  depending  on  tiae,  plaoe,  kind  of  precipitation,  eto. (compare 
Gael in) . 

The  aaln  sources  for  the  nitrogen-oxygen  ooapour.de  determined  in  preoipi¬ 
tation  will  be  summarised  i-  seotlon  14.4.,  where  we  shall  see  that  ataospherlo 
electric  proceesea  are  possible  oauats  for  NOj'  and  WOg'  in  preoipitation,  la 
ha*  boon  shown  by  preliminary  trials  (Reiter  (1955)  and  Teohnioa!  Report  IF 
61  -  (514)  -  732  -  C),  it  is  worth  while  in  ataosphenc  eleotrio  investigations 
to  determine  the  nitrogen-oxygen  ooapounda  in  preoipitation  continuously, 
•specially  if  after  several  precipitation  hours  or  less  the  collecting  vessels 
are  always  changed  and  the  nature  of  the  preoipitation  -  whether  showery  or 
not,  physioal  state,  etc.  -  la  taken  into  acoount.  The  objective  of  such  stud¬ 
ies,  generally,  is  to  find  out  what  conclusions,  if  ■njvR  drawn  fron  the  con¬ 
tents  of  HOj'  and  BOg'  in  the  respective  precipitation  as  to  the  elotrloal  pro¬ 
cesses  in  the  atmosphere.  Provided  that  olear  relatione  oan  be  derived,  it  might 
be  possible,  in  the  future,  to  oomplete  the  knowledge  of  atmospheric  eleotrio 
eltuations  by  the  knowledge  of  the  nltra+e  and  nitrite  oontents  in  the  simul¬ 
taneous  precipitation  (or  dew  or  rime),  and  that  also  for  those  levels  where 
continuous  recording  of  atmospheric  eleotrio  elements  is  difficult. 

The  use  of  preoipitation  alalyses  in  this  sense  presupposes  a  knowlegde 
of  the  proportion  of  the  nitrogen-oxygen  compounds  In  the  precipitation  which 
actually  oomee  from  higher  atmospheric  layer*,  and  which  from  near  thw  ground 
(oompare  Bukhari ee  (1955)  )•  It  ie  neoeeeary  to  etudy,  to  what  extent  additional 
nitrogen-oxygen  oompounde  are  abeorbed  by  tha  preoipitation  particle#  during 
their  fall  through  the  layer  near  the  ground.  Nitrogen  oxide  and  dioxide  can 

*)  See  paper  presented  by  Reinhold  Reiter  and  Vlrjaa  Reiter  <ai  the 
Seooed  Conference  on  Atmoepherio  Ileotrioity,  Wentworth  by-the-Sea, 

Porteeouth,  W.H.,  034,  May  20-23,  195P.  Pergamon  Press,  New  York 
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be  formed  near  the  ground  principally 

a)  by  ohealoal,  teohnloal,  and  industrial  processes*) 

b)  by  point  dischargee  at  trees,  houses,  «to.(  In  lnoraaaad 
atmoapherlo  eleotrio  fields, 

and  certainly  a ra  abaorbad  by  tha  praolpltatlon  partlolaa  in  dataotabla  quant  it- 
iaa  during  tha  laat  phaaa  of  thalr  falling  down  (compare  aaotion  14,4.). 

This  study,  tharafora,  siinly  daala  with  tha  quaotlon  of  additional  abaorp- 
t ion  of  nitrogen-oxygen  compounds  by  praolpltatlon  in  tha  lowar  ataoaphara  up 
to  about  1000  a  above  tha  ground.  Tha  method  waat 

a)  ooaparlaon  of  KOj'  and  NOj'  contanta  In  prscipitation  collacted  In  tha 
valley  at  673  ■  above  aealevel  with  that  In  samples  of  tha  Sana  preci¬ 
pitation  collactad  simultaneously  on  a  neighbouring  flat  mountain  top 
of  1760  a  above  aealevel,  the  type  of  precipitation  being  taken  into 
account  {rain,  snow,  shower,  thunderstorm  etc.)| 

b)  ooaparison  of  tha  H0j'  and  NOj'  contents  in  precipitation  oollectad  In 
tha  valley  at  673  a  abavoa  aealevel  with  that  in  artificial  daw  or  fine 
condanaad  at  tha  saaa  placet  thla  artificial  condanaata  has  to  ba  re¬ 
garded  as  indicative  of  tha  oheaioal  propartlaa  of  tha  air  near  tha 
ground 1 

0)  investigation  of  tha  influenoe  of  point  discharge  near  the  ground  in  the 
valley,  at  673  ■  above  aealevel,  on  tha  NOj'  and  NO,,'  contents  of  pre- 
slpltatlon  and  of  artificial  daw  or  riaa  collected  at  tha  earns  place. 

After  a  rough  satinets  of  the  influence  of  tha  lowest  kiloaetre  of  tha  at¬ 
mosphere  was  obtained,  ms  looked  for  the  aziatanoa  of  relations  between  the 
NOj’  and  MOj'  oor.tents  of  the  precipitation  and  the  lability  degree  of  tha  at¬ 
moapherlo  stratification  as  wall  as  osrtaln  atmospheric  eleotrlo  phenomena.  4 
final  derivation,  howtvar,  of  fundamental  relations  between  atmospheric  eleo- 
trlc  processes  and  concentration  of  nitrogen-oxygen  oonpounda  in  preolpl .atlc .n 
will  ba  possible,  if  at  all,  only  on  the  base  of  further  data,  which  are 
being  oollectad. 


14.2.  Experimental  method 
14,2,1,  Point  discharge  current 

Tha  point  disoharge  currant  was  recorded  at  station  Farohant  as  deeorlbed 
in  aaotion  2,  It  yielded  a  relative  measure  for  tha  Ionisation  of  tha  air  oaus- 
ad  by  discharge  from  adjacent  points  of  housea,  traaa,  ato.  Tha  steol  point  was 

*)  Our  station  nataork,  where  tha  Investigation  was  oarrled  out,  la  far  away 
froa  industries  and  other  significant  sources  of  air  pollution. 
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at  tha  eaae  height,  90  the  ere  rage,  aa  tha  turrounding  houses  and  traaa. 

Aa  aa  exaaple,  Figure  10J  shows  a  portico  of  a  raoord  obtain ad  during 
alight  (02  CD)  and  ha  ary  (20  CD)  snow  fall.  Tha  following  ourraa  ara  inolud- 
adi  Potantial  grad i ant  (g),  air  earth  currant  (l),  point  diaoh orge  currant  (?), 
n unbar  of  poaitlwa  and  negative  ana 11  iona  par  on^  at  1.5  x  a bora  tha  ground 
(n+,  n_).  Wa  aaa  that  tha  nuabar  of  mail  Iona  of  both  polaritlaa  riaaa  oonai- 
darably  whanawar  tha  point  diaoh arga  currant  axoaada  n  certain  threshold,  and 
thia  oocura  whanarar  tha  potantial  gradient  axoaada  n  valua  of  1000  -  1 500  T/n 
(both  aign).  In  our  equipment,  tha  nuabar  of  iona  rose  appreciably  only  if  tha 
point  dlaoharga  currant  reached  flwa  tinaa  ita  fi'»  waathar  raluea.  In  tha 
following,  wa  a hall  uaa  tha  axpraaalon  " Increased  point  d la charge  currant"  only 
in  auoh  oaaaa  whara  thia  threshold  walua  la  axoaadad. 


1  1  '  1 - 1 - 1 - 1 - 1 - 1 - 1 - 

4  2  24  22  20  CET 


figure  10 J 

Ktaaple  of  beheelcur  of  potartlal  gradient  (l),  air  eitrtb  currant  (l),  point 
dlaoharga  current  (P),  and  masher  of  aaoll  iona  (n4,  n_)  at  atatlon  Farohant. 
Sanaa  •ooa  fall  before  20  CD,  alight  enow  fall  02,00  CD.  Raoord  ad  with 
alaotronlo  potent &etar  recorder  (sieaana  und  'talaka,  Hai’taena  und  Braua) 
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14.2.2.  Collsotloti  of  praolpltatlon  and  dw  or  rlae. 

Method  of  chdaloal  analysis 

Pieclpitatlon  >u  collected  at  Penchant,  pari  of  It  siBultaneouiiiy  at  Fnr- 
•;r.art  and  on  tha  Vai.k  paak.  Polyathylene-bottlee  and  -fumala,  carefully  rl tan- 
ad  bafora  each  exposure,  aara  uaed  for  thla  purpoaa.  During  Ion*  oonilnuad  pra- 
clpltatlon,  tha  oolleoting  veeacla  acra  always  replaced  aftar  severed  houra  at 
tha  aoat,  aapao tally  In  caaaa  ahara  tha  iypa  of  praoipltatlon  did  not  remain 
tha  lana  (tranaition  of  non-ahoeery  into  ahoaary  or  thundaratora  pre oipitatloni 
tranaition  of  rain  into  anon,  ate.). 

Thank a  to  a  collaboration  rith  tha  Max  Planck  Inatitut  fur  Slllkatforschung 
It  aaa  poaaibla  to  carry  out  nltrata  and  nltrita  analyaaa  alao  of  artificial 
daw  or  rlaa.  Moat  of  tha  etaoephesic  moisture  aaa  oondanaad,  a a  daw  or  rlaa,  on 
cool in*  flna  placed  in  an  out-door  apparatur  tucking  about  200  a^/hr  of  air 
through  tha  flna.  Daw  and  riaa  aara  analyzed  in  tha  a aaa  eay  a a  aaa  tha  praoipl¬ 
tatlon. 

411  tha  NOj'  and  NO-'  analyaaa  aara  aada  aa  aoon  aa  poaaibla,  in  general  at 
once  or  before  tha  aeconc  day  after  tha  lollectlngat  tha  lataat.  Tha  p^  valuaa 
aara  Matured  with  tha  ior.onetric  aathol,  and  that  uaually  lMedlately  aftar 
tha  aaaplaa  had  bean  obtained. 

Nitrate  and  nltr.te  ae.o  determined  oolorlaetrleelly  with  tha  help  of  tha 
Griaea-i.aevay  Havant,  which  ia  a  alxtura  of  aulfanlllc  acid,  alpha  naphthyl- 
aalna,  and  acetic  acid.  With  this  alxtura  nitrite  Iona  react  to  yield  a  rad 
azo  dye.  F0r  tie  nltrata  datarad nation,  part  of  tha  water  to  bo  analyzed  wan 
allowed  to  run  through  an  acid  cadalum  reductor,  reducing  nltrata  to  nitrite*), 
and  than  tha  Criaaa-Iloavay  Raager.t  added.  The  colora  obtained  war#  ooapared 
with  tha  colors  of  fresh  alxturea  of  t'a  reagent  with  a  nunber  of  nltrita  and 
•educed  nitrate  solutions  of  different  but  known  concentrations,  by  atapa  and 
Usually  for  tha  nltrita  (hanca  tha  discontinuous  ordinate  values  in  tha  figur¬ 
es),  with  a  photometer  for  nltrata.  Tha  results  are  all  given  in  ag  NO^'  or 
”0?'  par  litre.  Tha  eeneitlvity  v»«  0.02  ag/' litre  for  NOj1  (lialta  of  arror 
about  «5  %),  and  0.002  ag/lltre  for  NOj*  (Halts  of  arror  in  oaaaa  of  such  low 
co:  oentratlon  about  %) .  When  tha  NO-*  concentration  was  found  to  be  oer- 
tatnlv  leas  than  0.002  ag/lltre,  it  aaa  noted  down  as  0.000  or,  whan  using 
\ognrltmlc  coordlantaa  in  figures,  aa  0,001, 


The  wet hod  was  developed  together  with  g.Potzl  and  shall  be  published 
•  Inhere. 


(3600  feet}  on  '  wd  IQ. to  precipitation 

Ir.  Figure  104»  tha  NO^'  and  BOj'  ooeoentrat Iona  to  preolpltatloa  saaplee 
aollected  on  the  Wank  pa*k  are  plotted  againat  those  *fif/oolleo  ted  elaultaneoual? 
at  tho  ralle?  atatim  Parehnr.t.  It  1*  erldent  from  this  figure  that  that*  ia  a 

lyataaatio  ralatlor.  betretr  *vt  tank  and  tha  simultaneous  Parc  Kant  precipitation 

at 

a a  far/ tha  NO,  contacts  ere  oonosmad.  Predoainer.tl?  thaj  ara  higher  to  tha 
rails?  than  act  tha  peek  station,  for  tha  NOj'  contents,  hoeerer,  no  equlralent 
ralation  arista,  as  ia  aaan  oa  tha  right  hand  aids  of  Figure  104. 

This  aaann  thati 

a)  On  tha  ara  rags,  at  laaat  50  jt  of  tha  NOj'  oontanta  to  tha  praclpltatiou 
originates  In  altitudes  at  laaat  1000  ■  abors  tha  rails?  station.  Dua  to  in¬ 
fluence*  fro*  naar  tha  ground  tha  NOj'  oontanta  rtr?  systematically,  i.a.  to- 
craaaa  b?  a  factor  which  la  nsarl?  tha  aaae  for  all  waathsr  conditions. 

b)  Tha  NOj*  oontanta  of  the  pracipitation  ara  strongl?  rarlad,  and  that 
ugsysteaatlcally,  b?  Influences  froa  naar  tha  ground.  Onl?  a  aaall  share  of  tha 
ro3'  oontanta  found  in  tha  ralle?  praoipitatlon  orlglnataa  with  oertalni?  to 
altitudse  aore  than  1000  a  abors  tha  ground  (compere  tab la  1C). 


aaferrur.'oa  nuccra  at  vauft  station  fatkmaht.  uh  nsr 
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Ptgura  104 

Coapariaon  of  praoipitatlon  sollsotsd  at  rails?  station  Parc hart  rlth  that 
collected  at  peak  stetton  Venk 


d  iwurlMi  ef  BOj*  and  BOj'  oontente  la  preelpttatlon  on  the  om  band, 
and  In  artificial  dec  or  rlaa,  ahleh  la  eolleoted  a laul tanroualy,  on  the  other 
hand,  above  boa  the  concentration  of  aHrofaiwax/gan  aoapouoda  la  the  preolpl- 
tatlan  partlalaa  lneraaaaa  dvrlni  thalr  fall  throuffc  the  layer  near  tha  around, 
ainoe  tha  obaaloal  propart laa  of  t.‘.a  latter  are  indicated  by  daa  and  rlaa.  la 
Plfora  105,  tha  aaaa  of  nan-ehoeery  and  noa>thunderatora  praalpltatloaa  la  (Irani 
re  aoa  that  tha  BOj'  oonaartratlos la  daa  (rlaa)  da  aot  oorralata  with  and  are 
■nailer  (factor  about  2  •  10)  than  tha  B0j'  concentration*  la  elaaltanooue 
precipitation.  Wi»;;  raapaot  to  BO-’,  a  clear  oorrol^tloa  batouon  da*  (rlaa) 
and  praolpltat ton  concentration  la  deaonatrated  by  tha  flcvre.  Tha  BOj'  oentanta 
la  daa  (rlaa),  furthermore,  la  about  taloc  that  ef  precipitation*. 

Be  aay  conclude  thati 

a)  The  iafluanee  ef  tha  oi  tro(an»oxy(*n  ooapovoda  in  tna  layer  near  tha 
(round  ( India* ted  by  nitrate  in  tha  artlfiolal  oondeneate)  on  tha  K^'  oontanta 
of  tha  precipitation*  ia  anally 

b)  with  lner*aaln(  nitrof*n-oxy(*n  ooopounda  la  tha  layer  near  tha  (round 
(indicated  by  nitrite  In  tha  artlfiolal  conder. *at* ) ,  tha  *Oj'  oontanta  el  tha 
precipitation  iaereaee  too. 


.  *  »» •  Mtttar  narc/waaae  coutcrto  *t  Munihrmwouar  umn 


•««!««  eaa^/t/rar  an  a*/  aa*  ea* 


— -a»h*khu  or*  ttmt)  cau rr fro  rwr  *r  «>*mm  ,*ac«a»f_ . 

tlctre  1Q5 

Caaparlaaa  of  preeipitat i«na  ottb  artlfiolal  ccadoncate,  bath  aallaeted  ilail. 
tanaeualy  at  rallay  atatian  Barehant.  tea  -  abaaary  precipitation 


141 


Bafardiaf  only  tha  oonditioaa  awrirw  alweer  art  Mrau4*^t<n  prvaipltotlo* 

( Pifure  104)  «•  flat  the  ratio*  of  BO^'  La  preelplbatloa  to  *0^'  La  tow  or  riao 
and  (looo  oloorly)  BOj'  id  ^mlptutloa  to  BOj'  to  4**  or  riao  oa  the  mr*fi 
to  bo  ahlftad,  eeapared  cl to  non-ahoeery  eooditioee,  Lb  favour  of  tbo  oontonto 
in  *ho  precipitation,  Thio  au«ooto  that  tbo  lneraaeo,  coaparod  with  aoo-showwry 
condition*,  of  nltrato  and  nitrito  la  tbo  obooor  and  itwitrtitn  pmtfitatlM 
io  oauoed  predoalnantly  by  aa  aboorptloa  of  aitrofaa  ealdee  at  J jogjog 


Plrurw  104 

CoaparlaoB  of  proalpitatloo  with  artificial  oocidenaato,  both  eollootod  slaul- 
tanaoual /  at  vallwy  atatlon  Farchant.  Sbowsr  preolpltetloa. 


.lA  l-li.  k^l'msxaLjasi*}  A\ naan  ±**  srwl  ,m  >*»  i«y_ 

jaO<y.-S<g.\?aU  4jy.iUi4.Uasi^ 

ilMa  **>»  1ft  *»>«  nUo.T 

It  My  bw  auppoood  that  detectable  aaouata  of  BO  and  BOj  ara  foreej  near 
tbo  frw'd  at  tuaoa  when  tbo  petal  Ui«tar««  noar  tbo  wuaarwwa  potato  oa  thw 
aartb'o  aurfaoa  (c.  plant*,  houeee,  oto.)  laoroaooo  («o«  ooottaa  14.2.'.). 

Th*  turattoa  of  in(,r*aa*d  polat  dlaeharfe  current  a*  a  poro.'  let*  of  tho  preai- 
p  1  tat  lea  durattuo  wao  oho  own  aa  a  relative  aeaoure  La  if*  aval  eat  tea*. 

ta  i«  111  atratcl  La  fiawe  10T<  there  ta  ae  Uflexa**  ef  t»o  Ourallaa  of 
inereaaed  petal  dlanharc*  ourtont  aa  the  *0^ ' ,  tat  e  4eflatte  aa*  ea  '•*  BC;* 
•onWnt*  of  preelpttat ir*.  If  the  oeaeeatrotloa  la  a* re  thaa  0.0*  at  BO^'/lltre, 


•umin*  or  matextto  nmr  utouunt  rutarar  as  eswcroraar  or  neamtiui  rmr 
•  town,  eacwntr  ammur 

TLgal%  107 

Influenee  of  point  discharge  on  nltrnto  end  nltrlto  contents 
in  precipitation 

tho  point  disc harga  currant  i*  lnoronsod  during  about  25  “  50  jt  of  tha  preclpi- 
tation  iiu|  if  it  la  laaa  than  0.002  ng  JTOj/lltre,  tha  point  dlabharge  currait 
la  laoraaaad.  on  tha  average,  during  la as  than  25  of  tha  precipitation  tine. 

Corresponding  roaulte  *era  obtained  fro*  tha  NOj 1  and  VO.,'  analyse*  of  tha 

aanrem  aew  ttmt)  coutr.’co  oumm  aaromanoe  rear  *r  mur  mim  rjmounr  at  n 

tur  tf-JAntt 
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artificial  oordenaata  (Figure  109)  i  the  BOj'  oonoentre' loo  la  not  influenced 
by  the  duration  of  lnoraaaed  point  discharge  current,  but  the  II Oj*  ooooantm- 
tloa  clearly  riaaa  with  rising  pa  rose tags*. 

Thia  study  danonatratadi  during  axtandad  parloda  of  lnereaaad  point  dis¬ 
charge  naar  tha  ground,  dataotabla  aaounta  of  nitrogen  oxides  ara  foraad.  Thay 
oanaa  tba  *02’  oonoantratlon  to  rlaa  in  tha  artificial  condensate  (but  ara  not 
largo  enough  to  influanoa  noticaahly  tha  fO^’  T&iuaa ,  which  ara  ao  auch  highar). 
Also  in  precipitations,  thay  influanoa  only  tha  BOj!  but  not  tha  IOj'  oontanta, 
which  ia  in  agraaaent  with  aaotion  14.3.2. 

14.3.4.  Influanoa  of  tha  lability  anargy  in  tha  700  -  500  ah  layar  on 
tha  HOj 1  and  10^ 1  oontacta  of  precipitation  col I  act ad  In  tha 
Tall  ay 

In  aeciian  14.3.2.  it  «na  found,  that  in  ahoaar  and  thundaratora  precipitation 
thara  ia  acre  HOj'  than  in  tha  non-showery  typa.  It  appeared  intaraatlng,  the¬ 
refore,  to  azaaina  if  a  correlation  ax lata  bataoan  tha  ataoapharlo  lability  da- 
graa  end  tba  XOj*  and  IOj'  contanta  in  pracipitatlona.  Ralatira  waluaa  of  tha 
lability  anargy  batwaan  TOO  and  300  nb,  which  layar  prorad  to  be  tha  Boat  ta¬ 
pe  rtant  for  our  studies  and  therefore  was  used  in  tha  ewalnatlena,  ware  obtain¬ 
ed  as  described  in  aecticn  4. 2. 7. 

Tha  results  of  thia  examination  are  giwan  in  figures  109  (rain)  and  110 
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Correlation  betr.*»r.  lability  energy  of  tha  700  -  500  nb  layer  and  nitrite  or 

nitrate  oonterit  in  rain 


144 


(mm*).  Beltter  1*  rein  nor  in  mm*  do* a  th*  #02‘  oonoentretlon  sxhlblt  sny 
oMmi  sorrelatloo  with  th*  lability  energy,  hat  th*  lOj'  ooncant  ration  do**, 
both  in  min  and  in  *no*. 


mat,  ctutctn  at  mier  sun*  nscNwr,  jttt  nrr 


Correlation  b*tw**n  lability  energy  o i'  th*  700  -  500  sb  layer  and  nitrit®  or 
nltrnt®  oontcnt  in  *so* 


Is  th*  oaa*  of  negatiy®  lability  anergy,  th*  BOj'  concentration  in  rain 
i*  bale*  1.0  ag/lltre,  sonatina*  *r*n  below  0.1  ng/lltr*.  In  ibc  o**s  of  po- 
•  itiy*  lability  energy,  th*  rang*  is  2.0  -  0.2  ag/lltra,  dll  th*  BOj'  conoan— 
tretlooa  found  during  high  lability  energy  ar*  higher  than  tho**  found  during 
»:rtr«o*  negatlr*  lability  energy.  Th*  r*sult»  for  *now  ar*  analogous,  but  th* 
NO,'  > slues  ar*  higher  than  in  rain. 


Thus  a*  oaa  itatsi  th*  NOj*  content  of  precipitations  la  clearly  increased 

with  rising  lability  energy  of  th*  atnoapherlo  layer  between  700  and  500  ab, 

wiill*  tbs  BO.'  contents  do  not  shew  any  correlation  with  it.  This  is  true  for 
/*■  * 

rain  sad' snow. 
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14. 5.5.  Influence  of  the  frequency  of  aign  nwffiUi  o£  **** 

field  on  the  >0, 1  and  10.'  oontanta  of  preolpltatlopa  collect¬ 
ed  In  tha  raller 

Synoptic  atmospheric  electrlo  lnrastlgmtiona  her*  deajnatrated  that  during 
precipitation  a  correlation  aziata  between  tha  frequency  of  the  aign  rararaala 
of  tha  foreign  fiald  and  tha  aijaoltaraoua  1  nullity  energy  In  tha  700  -  500  ah 
layer  (cospare  aaotlon  4.2.7.). 

In  thla  oonnaction  aa  investigation  sensed  appropriate  oor.oeming  tha 
oorralatioo  batvaan  frequency  of  aign  rararaala  of  tlS'fTald  and  Bj'  or  »V 
content*  in  pracipitaticn.  Tha  etudy  aaa  baaed  on  tha  aaan  fraqvwnoy  of  sign 
ravaraala  par  hour  ooaputed  froa  tha  potential  gradient  records  at  tha  low 
laral  etationa  Farchant,  Oaraiaoh  and  gibeee.  The  raanlt  is  given  in  Figure  111. 
Tha  V02'  contact*  a how  no  oorralatioo,  hut  a  rathar^oonnaetion  appears  between 
HOj'  contanta  and  frequency  of  aign  rararaala  of  the  foreign  fiald.  For  in¬ 
stance,  the  I0j'  concentration  in  tha  oaaa  of  3  rararaala  /hr  ia  tan  tlaaa 
the  concentration  found  in  tha  caaa  of  0.5  rararaala/hr. 
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Correlation  between  the  frequency  of  aign  rararaala  of  tha  potsitlal  gradient 
end  nitrate  or  nitrite  cortanta  in  precipitation 
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Be  may  oonolud*,  th»t  the  KOj'  content  of  precipitation  is  closely  con¬ 
nected  with  suoh  atmospheric  alectrio  processes  aa  ara  Important  alto  for  tha 
suddon  ar.d  frequent  sign  reversals  of  tha  foreign  flald.  Thla  possibly  manna, 
on  tha  othar  hand,  that  tha  BOj'  contant  In  praolpltatlon  may  be  regarded  aa 
asniltiva  Indicator  for  laportant  eleotrJc  pronaaaaa  .occurring  during  the  for¬ 
mation  of  praolpltatlon  and  of  ehover  and  thunder* tom  ohargaa.  Such  a 
aupyamltlon  would  be  eonflmad  by  tha  faota  reported  In  eectlona  14.5.'.  and 
14.5.3.,  namely  that  only  a  low  percentage  of  tha  NOj'  contant  of  precipitation 
la  affaotad  by  influ*noaa7naar  tha  ground.  According  to  14.3.1.,  tha  NO^'  con¬ 
tant  of  praolpltatlon  during  the  fall  through  tha  loweat  1000  m,  1*  increased 
not  more  than  by  tha  factor  2,  and  not  at  all  by  tha  factor  10  or  20,  which 
on  tha  othar  hand,  can  aocompany  Increasing  elgn  reversal*.  Since  tha  HO^' 
concentration*  arc  indicatory  of  procaaaaa  near  the  ground,  a a  our  data  suggest, 
It  le  reasonable  that  they  do  not  show  any  correlation  with  the  frequency  of 
sign  reversals  of  tha  foreign  field, 

14.3.6.  Tabular  survey  of  results 

In  Table  8  tha  results  of  analyaea  ara  eumarized  which  ware  obtained  for 
tha  praolpltatlon  samples  collected  at  Penchant ,  and  in  Table  9  *•  have  tha 
analogous  Bank  value*.  The  date  ara  given  separately  for  eaoh  type  of  precipi¬ 
tation.  In  Tabla  10,  tha  proportions  Bank-value  to  Farchant-value  are  presented. 
The  tables  demonstrate,  that  sore  nitrate  and  nltrita  la  in  shower  precipitation 

and,  exoepted  Bank  values  for  nitrite,  In  enow,  than  in  uniform  rain.  The  thun- 

m 

deratorm  values,  again  exoepted  Bank  values  for  nitrite,  are  situated  about 'the 
middle  of  tha  saquanoa.  especially  high  nitrate  values  are  found  In  hall  and  In 
rain  of  vary  large  drops  occurring  at  tha  beginning  of  soma  c hover  rainfalls, 
but  hare  wa  have  few  data  and  thla  result,  th*r*for*,  1*  rather  uncertain. 

The  proportion*  cono*ntration  NO^1  to  concentration  HOj'  differ  greatly  froa 
aeon  other.  The  proportion  la  most  shifted  in  tha  direction  of  HOj' 

a)  on  Bank  peak  during  thunderstorm 

b)  in  tha  valley  (yarchant)  during  enow  eh-nrer  (rain  of  vary  large  drops 
and  graupel  omitted). 

Tha  average  values  BOj'  oonoentratlon  /  BOj'  concentration  ara  105  at  tha 
valley  station  Parohant  and  185  at  tha  peak  station  Bank,  In  agreement  with 
Table  10.  This  may  signify  that  moat  of  tha  nitrogen-oxygen  compounds  era 
oxidised,  while  tbs  precipitation  la  falling  down  to  tha  Bank,  and  that  new 
nitrite  is  absorbed,  while  It  la  falling  froa  tha  Bank  level  down  to  tha 
val  lay. 


Tab  la 
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As  la  shown  In  Table  10,  tha  NOj'  o on tent a  of  the  Wank  precipitations,  on 
the  ar erage  la  66  %  of  that  determine  1  In  tha  rail ay,  Tha  analogous  percentage 
for  NOj*  la  only  20  f>> 

By  theee  tables,  the  statements  derived  In  aeotlona  14.3,1,  -  U.3.3.  fions 
the  figures  are  confined. 

In  Table  11,  the  results  of  the  Bsaauremente  are  summarised.  Her*,  too, 
the  different  kinds  of  preolpitatlon  are  separated.  The  values  In  rain  shower, 
thunderstorm  rain,  even  rain,  and  snow  are  nearly  the  sane.  The  differences 
are  assuaed  to  be  oaaual  ones.  Only  tha  low  p ^  values  in  snow  showers  are  rather 
str^Jcing.  Since  the  highest  HOj1  values  also  are  found  In  showery  snow,  It  is 
imaginable  that  the  low  p^  is  oaused  by  the  eslstenoe  of  free  acid  (HWOj) 
(oospare  McCabe  { 1 95”’)  *  nitrogen  or  idee  are  catalysts  for  the  oxidation  of 
SOj  and  responsible  in  part  for  acidity  In  rain  and  fog,). 


14.4.  View  polnta  on  the  origin  of  nitrate  end  nitrite  in 
precipitations 

14.4.1.  Sources  of  atmospheric  nitrogen  oxide  (WO)  and  nitrogen 
dioxide  (HOj 

In  section  14.5. •  ••  shall  discuss  the  experlaental  results  given  above.  Be¬ 
fore  thia,  it  aecme  suitable  to  state  the  most  important  sources  which  exist 
for  NC  and  N0?  (or  NjO^,  shich  is  in  equilibrium  with  NOj)  In  thowe  atmospheric 
layers  where  precipitation  la  found.  In  this  connaetlon  we  aey  recall  the  fact 
that  NO  easily  combines  with  atmoapherlo  oxygen  by  the  exotheralo  reaotloni 

2  NO  ♦  02  %  2  R02  ( 1 ) 

At  ?C0°  C,  this  equilibrium  still  lies  far  ovor  to  the  right  tidei  at  650°  C, 
however,  ell  NO^  molecules  decoapoee  to  KO  and  Oj. 

a)  NO  la  a  highly  endotherelc  compound.  One  of  the  ways  of  formation  is 
that  by  tha  action  of  electrical  dlechargea  upon  alri 

■j  ♦  02  *  2  NO  (2) 

A  reaction  mechanise  starting  froe  the  lonlaatloe  of  the  nitrogen  molecule) 

*2  *"2  ♦  e  (3) 

nae  been  suggested  by  a  number  of  authors  (Henry  (1930),  Wane  broumtW  ones 
(1930),  and  othera)|  it  seems  plausible,  baoause  NO  formatiom  Jiet  eats  In  at 
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•  volt corresponding  to  tho  ionisation  energy  of  R^  according  to  ()),  l.o. 

•  t  about  17  if.  Tha  NO  formation  la  accelerated  at  abcut  /J  #T,  where  dlasoci- 
atlon  into  tha  atoaa  K*  and  R  takas  plaoa.  Sines  IT  aV  a re  aasllv  raaohad  in 
all  kinds  of  atmospheric  diecharg*#,  also  In  allant  discharges,  »a  are  par- 

ha  pa  allosad  to  say  that  tha  occurrence  or  at  laaat  a  high  walu*  of  NO  or 
i*  an  indicator  of  ion  production  in  tha  air.  This  la  trua  avan  if  ioni¬ 
zation  reactions,  such  as  (3),  ara  not  tha  only  aods  of  formation  of  NO  or  KO^. 

Although  tha  amount  of  NO  being  in  aqullltriua  with  air  ia  only  5  ^  by 
o  ,  k  o 

voluaa  at  JOOO  C  and  1  Vwoluaa  at  2000  C,  auch  percentage*  ara  posslbla 
also  at  loaar  tamers  turae,  if  tha  NO,  one*  formadi  ia  cooled  vary  oulckly  to 
temperature*  of  alow  equilibrium  establishment,  whar*  it  la  aetastsbl*. 

Reynold*  (1925,  1950)  found  that  tha  proportion  of  NOj  in  the  ataosphar* 
newer  did  lncraaa*  during  thundery  weather.  This  la  not  inconsistent  with  the 
abow*  statements  and  elth  the  axpariaantal  reaulte  prasantad  in  section  14.3., 
tine*  Reynold*  aad*  analyses  of  air,  and  not  of  tha  thundarutora  precipitation, 
which  absorca  the  N02  axiatent  in  tha  air  (at*  below  14.4.2.).  Mukherje*  (1955) 
states  that  alactric  spark  discharge*  in  tha  atmoaphare  art  not  primarily  ra- 
sponaibla  for  formation  ol  nitrataa  in  rain,  although  they  i*y  hare  aoaa 
effect  in  tne  loser  etmoaahar*.  This  statement  aust  not  ba  considered  incon¬ 
sistent  with  the  data  of  aaction  14. 3.,  which  ahowd^Urato  laval  in  all  kind* 
of  precipitation  vCo:pere  aactlon  14.5.'. 

A*  ia  wall  known,  ozors  ( 0, )  also  is  farmed  by  slactrlcal  discharges. 

b)  Industrial  and  technical  orlglni  N0?  aay  be  regarded  aa  tne  aost  pre¬ 
valent  of  the  oxide*  of  nitrogen  in  air  pollution  and  saogl  it  la  liberated 
in  Many  chealoal  nroweaa**.  by  internal  coabuatlon  engine*,  owerhead  trana- 
-laaton  line*,  during  welding  operation*,  etc.  Many  papers  deal  with  the  re- 
latlwily  high  concentration  of  NO  ar.'*  other  nitrogen  oxides  in  tha  air  of 
Los  Angela*  and  other  town*  (awe  aurwwy  glwwn  by  Millar  ( 19541). 

NG?  of  this  origin,  of  course,  1*  fonaad  near  the  ground)  according  to 
the  -sataoroloclcal  condition*  It  la  transported  In  horiaontal  and  wwrtleal 
direct;  >n.  It  has  for  an  ar«a  of  about  30  a, la*  radius  round  Far- 

c  ar  t  t  ar*  are  no*  town*  aor  industrial  works. 

14.4.?.  Reaction*  of  altrpgan  oxide  and  nitrogen  dloaUs  with 

"h*  proewaaa*  occurring  whan  RO  ar  *0?  ar  al> l urea  of  these  oaldaa  react 
with  water  are  wary  eaaplai,  and  4*p*n4  oa  aaay  factor*  aueh  aa  quantity  and 
aind  of  cations  present,  prasanae  of  eaaaa,  eoaaan t  ration*  of  *C  or  *C;, 
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phye leal  atata  of  tha  water,  temperature,  av^labla  tlaat  ato. 

Ona  possible  reaction  lai 

MO  ♦  H02  ♦  HjO  *  1  HMOj  (4) 

In  oaaaa  ahara  aa  way  assure  that  thara  la  ruffiolant  tlaa  \  araaral  alnutaa), 
that  wo  at  of  tha  MO,  If  praaart,  ba  oxidated  to  MOj,  tha  aaln  react"  on  loading 
to  nltrlo  and  nltroua  aolda  and  nltrataa  and  nltrltaa  In  precipitation  alii  bai 

2  HOj  4  2  OB’  4  SOj  ♦  MO*  *H?0  (}) 

Nltroua  acid  dacoapoaaa  easily  by  tha  andotharalc  reaction 

3  W02  4  HMOj  ♦  2  NO  ♦  ufC  (5) 

Thle  daooapoa ‘ t ion  la  iroaotad  by  rising  tan-aratura  or,d  by  all  tha  <:lr  1a- 
stiu.ee*  which  favour  elinlnnticn  of  tha  NO  { react  Ion#,  agair  yielding  H50-, 
according  to  (1),  (4),  (5).  and  (6)  ).  Solution*  of  nltrltaa  are  sore  stable 
t nan  the**  of  nltrcua  acid,  their  atability  depends  on  the  cation.,  ,  con¬ 
centration,  temperature,  ate.  Frae  RMOj  of  v»ry  low  conoantratlon  la  aald  to 
daccnpoaa  not  so  anally  aa  do  <«sa  dilute  solutions^  on  tha  other  hand,  the 
formation  of  nltrataa  la  pronoled  in  tha  racanca  of  osona. 


14.3.  Dlacuaslon  and  concluelone 

Tha  data  obtainad  euggest  that  no  detectable  share  of  the  nitrafew  coabants 
In  precipitation  and  artificial  condwnaatw  la  caused  by  point  dlecharfs  at  tha 
earth" a  eurfaoe  (section  14.5. 3. J  figure*  107  and  106).  Moat  of  tf*  nitrite 
content*  In  tha  valley  precipitation,  it  ie  true,  1*  formed  near  tha  crowd 
(section  14.5.6.,  table  10),  ana  that  at  least  partly  by  the  lnfluanoo  of  point 
usoharfw  (eoetion  14.5.3,,  Figure  107'.  Nut  the  averse*  nitrite  amount  In  praot 
pltstlon  eaus-1  y  lasting  point  dloc  area  Is  only  about  c.01  ^/lltra  (Figure 
107),  end ,  owing  to  relatively  lo*  tsatersiure,  little  available  tlaa,  ate,, 
not  much  sore  nitrate  can  ha  foraed  cy  tha  saaa  process  (see  section  1*.4.). 
31«<*  the  svereca  «0,‘  content*  In  proe 1 pt tat  ton*  olleeted  in  tne  valley  la 
!  >un<  11  be  about  O.N  ok/ litre,  and  even  aore  for  shower#  er4  thuniaraioraa 
table  dl.t.'m  nitrate  edJe-1  rear  *ha  gYTW-d  by  point  discharge,  theraforw,  1* 
within  '•»  llatta  of  error  and  can  bo  neglected  (Flg.rw  107),  Qa  the  other  h**d, 
too  >0,"  u-ortert*  in  fa  valley  proc  t  1  i  tat  ton  rise  by  the  faetnr  3  .  10  (’4. '.4. 

1*0  K»  end  "O'.  eh»r.  stable  et  rat .  fie*!  ton  to  changes  let#  tin#  tab  It  ne 
1 r  *na  T«>  .  vat  Ob  layer,  toe  -rd  Ing’.y  tha  *>,  "  or.  tent*  la  roeip ;  tet  lore  are 
eesentlal  ly  increased  el  In  tne  trareltlsn  frees  nr-sMar;  to  *•  coor  or  thurler- 
etora  : rae ip: tot  ton  »»cl  loo  "4.1.7.,  14.1.6.1  fiyure*  leb  a.-’.  U*.|  tef.ee  » 
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and  9t  ▼*11*7  and  mountain  top).  An  especially  clear  increase  of  the  nitrate 
:on'.eote  tn  ths  precipitation  In  observed,  when  the  frequency  of  sign  reversals 
oi  t-.e  field  is  increatod  (section  14.3.5*i  Figure  111).  A  certain  NOj’  amount, 
however,  is  found  also  in  steady  precipitation,  in  the  valley  and  on  the  Wank 
peak,  caused  perhaps  by  electrical  processes  occurring  also  in  nisabo-strstus 
clouds)  this  amount  is  not  likely  to  be  caused  by  industrial  or  similar  pro¬ 
cesses,  for  vs  could  observe  that  in  tha  course  of  long  continued  strong  oteady 
orscipitation  its  nltrsts  contents  Is  pot  d  InH-shed, 

From  the#*  facts  it  is  evident  that  thoee  60  -  70  %  of  the  valley  precipi¬ 
tation  nitrate  contents  which  are  found  already  on  the  Wank  top  and  thus  origi- 
nats  at  sltltudss  at  1000  a  hlghar  than  the  vallsy  station  (section  1A.J.1.) 
Figure  104;  table  10)  sgtsntiiuly  jure  formed  not  on  tive  Waiik’e  surface,  but 
higher  up,  and  that  also  the  niiratn  increment  observed  during  showers  and 
thunderstorms  is  dus  to  electrical  processes  in  the  free  atmosphere.  The  con- 
parlson  of  tables  8  and  9  shows  furthermore  that  the  proportion  XO^'/nOg'  al¬ 
ways  Is  'signer  at  the  Wank  than  -tt  .r'archant,  This,  too,  may  indicate  that  the 
origin  ci  the  nitrogen-oxygen  compounds  in  the  precipitation  must  b#  at  alti¬ 
tudes  high  at evs  the  War.k,  so  that  there  is  sr.ough  time  for  the  H02’  to  be 
oxldited. 

Therefore,  if  It  la  allowed  tr  n3B-  me  that  formation  of  nitrogen  oxides 
or  nitrates  is  connected  with  ioni ration  processes  in  the  atmosphere,  then  we 
cay,  with  all  reserve,  conclude  from  our  date,  that  during  all  kinds  of  preci¬ 
pitation  jiany  aore  Iona  are  formed  in  the  cloud  jevel,  s.g,  at  more  than  1000  m 
abevs  the  ground,  than  near  the  ground  by  point  discharges.  Anyway,  tha  field 
etrengths  occurring  in  the  cloud  level  must  be  supposed  to  be  higher  than 
those  near  the  ground. 

Aa  far  as  tha  artificial  condensate  le  concerned,  lte  nitrate  concentration 
it  not  appreciably  influenced  by  point  discharge  near  the  ground,  unlike  lte 
nitrite  concentration  (Figure  108).  The  reasons  may  be  *hs  same  as  suggested 
above  for  the  caee  ot  precipitation.  The  nitrate  content  in  the  condensate  le 
cot  influenced  by  whether  eiaultene  us  precipitation  is  showery  or  not  (Fi¬ 
gure!  ICh  and  106),  lines  the  condensate  represents  tit#  chemical  properties 
of  the  ttaoephere  near  the  ground,  where  it  le  collected. 

As  to  thunderetonae,  it  is  euroriaing  that  the  highest  nitrate  and  nitrite 
concentrations  are  deterained  not  In  thunaerstonaa,  but  In  shows?*,  ex.'* dally 
enow  shoes ’■s  (Tables  6  and  9  ) .  W*  cannot  exolaln  this  fact  aa  yet.  Besides  we 
learn  from  table  8  and  9  that  .in  especially  high  croportion  h  is  nb  - 

served  in  thunotrelorm  rain  collected  on  t re  Wank  peak. 


The  following  objection  oould  be  raised  to  ths  assertion,  that  the  .nitrate 
ir.crsass  found  during  unstable  conditions  is  due  to  electrical  discharges  in 
tne  free  atmosphere  at  higher  altitudesi  during  strong  turbulence  the  vertical 
exchange  of  the  air  la  considerable,  so  that  nitrogen  oxides  from  near  the 
ground  are  traneported  higher  up  than  during  stable  condi tone.  These  gases 
tnen  can  be  absorbed  by  precipitation  such  sore  thoroughly  than  in  cases  where 
the  precipitations  meet  them  only  in  a  relatirely  thin  layer  abort  the  ground. 
This  objection,  however,  is  decidedly  refuted  by  the  fact,  that  in  precipitations 
lasting  several  houre  and  even  days  no  tentsnoy  of  the  nitrate  contents  to  de» 
crease  could  be  observed  (see  above).  On  the  contrary,  the  nitrate  concentration 
rises  during  lasting  precipitation  as  sofln  as  steady  precipitation  changes  into 
showery  or  thunderstorm  precipitation,  The  KO^'  contents  of  the  precipitation, 
on  the  other  hand,  which  always  are  indicatory  of  ohesical  processes  near  the 
ground ,  were  observed  to  be  diminished  in  the  course  of  lon£  precipitation 
periods. 

Workman  and  Reynolds  (1950’  point  to  ttys  phenomenon  that,  with  wertain 
contaminants  in  freezing  water,  potential  differences  of  as  much  as  250  T  arias 
between  the  solid  and  liquid  phases.  According  to  Reynolds  (1955)  contaml- 
natlomi  cf  10  mole  HaCl  per  1000  g  ice  are  sufficient  to  produos  sffsots  on 
tha  frictional  charging  (compare  Reynolds  st  el.  (1955a,  1955b)  ) .  In  this 
connection  it  might  be  of  interest  that  ths  maximum  concentrations  of  HOj', 
which  we  found  in  solid  (liquid)  preoipitstion,  are  2  (3.5)  ««/litre,  l.e. 

3  (5)  x  1(T5  mole/litre  (Table  8),  thus  of  nearly  the  same  order  of  smgnivuds. 

If  also  r.itrate  contaminants  should  be  Important  in  the  process  of  oloud 
electrification  and  charge  separation,  they  oould,  caused  by  discharges,  again 
causa  discharges  and  thus  an  avalanfiellke  aooumuiatlor  of  electricity,  whan 
showers  or  thunderstorms  are  built  up. 

The  matter  Is  complicated  and  the  conclusions  are  presented  for  discussion 
more  than  for  acceptance.  The  results  are  *-o  be  confirmed  and  refined  by  more 
observations  ano  data.  In  particular,  the  relations  between  nitrogen-oxygen 
compounds  in  precipitation  and  atmospheric  elsotrio  process#*  have  to  b* 
studied  acre  thoroughly,  since  it  sssm*  osrtsin  that  the  nitrate  oontsnts  of 
precipitation  must  be  taken  into  consideration  as  Indicatory  of  processes 
occurring  An  the  cloud  isvsl. 


1* 


?5»  B— a  diunbU  Tarlatans  of  ths  ataospherlo  ale otrlo 
gflltejw  gf  ■oath  Of  OSSSSS,  saoh  rttUw  during 
fin*  weather 


As  el  reedy  Mentioned  In  seoticn  1.,  tt.e  fins  w*sth*r+)  hourly  seen*  of 
potential  gradient  and  air  earth  current  wars  determined  for  «aoh  aonth  end 
season  and  for  saoh  of  tha  stations,  They  will  serve  to  make  post  ibis  ooapa- 
rleooe  with  ths  data  of  cthsr  inwsetigetor*  obtained  in  other  geographical 
rwgion*  and  climate*.  In  ths  oourat  of  our  work  thsy  vsrs  needed  as  a  bass, 
deviations  from  which  vsrs  ohtraoterietic  of  and  dus  to  bad  weather  aud  Just 
ths  twin  aubJeot°*our  Ctudissi  thuS^tri^s**'  TJfclfl?-  products.  Thsy  ar*  being 
published  in  volume  IX,  part  A(of  ths  prsssnt  Report,  where  we  shall  find  for 
taco  station! 

t)  Ths  scan  diurnal  variation*  (average  hourly  senna)  of  potential  gra¬ 
dient  and  air  earth  current  for  each  individual  month  of  the  year* 

'555.  1556,  »nd  195% 

The  diurnal  variation  curves  of  thi  single  stations  are  arranged  for 
each  aonth  on  one  separate  page,  one  above  the  other  according  to 
the  altitude  shove  sealevel.  Opposite  to  each  such  plats  there  is 
a  table  giving  numerically  the  some  data  as  are  used  in  the  plates 
and  additionally  the  total  monthly  mean  for  each  station  ss  well  as 
the  number  of  fine  weather  days.  Each  tabls  and  each  elate  contains 
a  key  to  the  signs  used. 

2)  The  mean  diurnal  variations  (average  hourly  means)  of  potential  gra¬ 
dient  ar.a  air  earth  currant  for  each  individual  aeteorological  season++) 
frora  fall  1954  till  winter  1 957/58* 

The  arrangement  on  the  plates  and  the  accompanying  table*  ere  analogous 
to  those  mentioned  under  1, 

) )  The  mean  diurnal  variations  (average  hourly  means)  of  potential  gra¬ 
dient  nnd  air  earth  current  for  the  lour  meteorological  eeasons++), 
the  eeaeonal  mean  values  for  each  hour  of  day  being  formed  of  the 
data  of  til  the  respective  season*  from  fair  -  winter  1957/58, 

The  arrangement  cn  the  plate*  and  the  accompanying  tables  are  analogous 
if  those  mentioned  under  1, 

- -  11  Is 

"y  "fin*  weather"  w*  understand  a  weather  situation  where!  a)/cloudl*st,  or 
there  is  only  Cumulus  with  not  more  than  half  of  the  eny  overcast  and/or 
trrus  and  b)  the  reepectiv#  station  Is  not  within  log  and  c)  tnere  is  no 
reclpitstton,  conssq  snily. 

’’’.eteorologlcsl  seasons";  winter  -  December,  lanuary  and  February, 

•  ring  .  Marc'-.,  April,  end  Mayi  etc. 


-  157  - 


The  recording  and  •valuation  work  la  atill  being  continued  for  a  time, 
ar.d  further  data  a  hall  b*  obtained.  Therefore  tho  results  given  in  voiuiee  II, 
part  A,  wil3  not  yet  be  diacusaed  definitively  here.  However,  we  wiah  to  state 
the  following! 

The  variation  of  th«  etmosphorlc  electric  elements  on  fine  weather  daya 
are  strongly  influenced  oy  the  orographioal  position  of  the  station.  At  the  high 
level  stations  Wank  and  {especially)  Zugspitze  the  influence  of  "Auatauoch”  be¬ 
comes  evident,  if  we  cocrars  the  potential  gradient  cxves  with  the  air  earth 
current  c  rveat  when  nuclei  aro  carried  up  to  the  station  level  by  convection, 
the  potential  gradient  is  increased,  while  tho  air  earth  current  ia  lowered. 
Therefore,  in  the  seasons  with  strong  exchange,  not  even  at  Wank  and  Zugspitze 
the  max  ion  of  potential  gradient  and  air  earth  current  ooinside  with  the  ocea- 
ilc  or  arctic  maxima,  which  are  aorldvide  and  found  in  fine  weather  at  the  tame 
I’-eenwich  Kean  Time  everywhere.  On  tho  other  hand,  at  station  Zugepitza  ths 
maxima  are  synchronous  with  the  worldwide  ocaanic  or  arctic  maxima  during 
most  of  the  winter  months.  Thus,  only  in  winter  and  at  altitudes  of  at  laaat 
2500  m  above  the  eealevel,  the  global  maxima,  whloh  are  independent  of  the 
local  time,  can  be  observed  over  the  continent  of  Central  Europe.  At  1800  a 
above  sealevel,  at  ia  shown  by  the  lank  results,  both  maxima  are  influenced  by 
the  exchange  even  ofterf  in  winter. 

Sunrise  and  sunset  effects*)  are  especially  clear  at  the  valley  stations! 
the  potential  gradient  here  decreases  about  at  sunsat  tima,  immediately  after 
sunrise  it  increases.  Consequently,  at  the  valley  stations  ths  daily  day-time 
maxima  are  higher  and  broader  in  euixner  than  in  winter.  Mean  diurnal  variations 
of  the  jioter-tial  gradient  in  fine  weather  with  two  maxima  par  twenty-four  hours 
occur  seldom. 

At  the  3lope  stations  Eibsee,  Obermoos,  and  Riffelries,  the  fine  weathor 
curves  are  leas  easy  to  be  understood)  they  are  strongly  influenced  by  inversion 
levslo  and  orographic  upward  or  downward  winds  preponderating  In  the  respective 
month. 


)  These  effects  will  be  analyzed  in  detail  in  the  oouree  of  the  further  work 
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16.  Comparison  of  the  fin#  tftthir  behaviour  of  the  itc^ir^rlo  ilcctrlo 
aaflnltndes  with  water  vapour  pro sturs.  ARP-value,  and  potential 
equivalent  temperature 

aooordlng  to  toot  ton  15m  the  preeenoe  or  abaenoe  of  exchange,  it*  range, 
strength  etc.,  art  of  considerable  importance  for  the  monthly  of  seasonal  naan 
dlurual  variation*  of  the  atmospheric  alaotrlo  magnitudes  In  fin#  vaathar. 
ihereiore  *•  studied  the  corral  at  Iona  beteeen  fin#  vaathar  potential  gradient 
and  air  aarth  curre-.t  on  th#  one  hand,  and  simultaneous  water  vapor  preasura. 
'•comreotlon  i-.c  Leator"4  RP,  and  potential  equivalent  temperature  on  the  other 
hand.  This  *111  te  dealt  with  in  tha  present  and  laat  eectlon,  the  gh  not  yet 
definitive!;.,  ae  the  measuring  data  are  atlll  being  increaaed.  It  is  the  our- 
poee  c:  this  investigation  to  find  out,  whloh  of  tha  three  mentioned  meteorolo¬ 
gical  aagnit .dee  correlates  tne  beat  with  tha  deviations  of  the  ataoapheric 
eleotric  magnitude#  oa  sad  b.  tha  vertloal  exohange.  Tha  three  meteorological 
magnitudes  were  calculated  from  the  recorda  of  temperature  and  relative  humi¬ 
dity  obtained  at  our  atation  P archant  and  at  tha  obaervatoriee  of  tha  German. 
Weather  Service  Oaroltch  and  Zugapltae  (where  our  atmospheric  electric  intru- 
menta  are  housed);  to  speak  more  exact lyi  we  calculated  them  from  the  hourly 
mean  values  of  thasa  records,  which  we  determined  pla^iaetrioally.  The  methods 
of  calculating  eater  vapour  pressure  and  potential  equivalent  temperature,  the 
latter  by  using  tha  respective  values  of  atmospheric  pressure,  may  be  presumed 
to  be  veil  known.  ?he  method  of  oaloulating  the  ARP  value#  will  be  found  in 
volume  II,  Part  B.  It  has  been  described  already  in  Technical  Report  AP  61 
(514)-732-C  (p.  72  foil.),  where  first  results  with  this  magnitude  have  bean 
renorted  upon. 

Vo  urns  II,  Part  B  of  tbs  present  Report  givee  the  results  of  the  evaluation, 
whloh  are  obtained  till  nows  it  fives  for  the  stations  Zugspltze,  Garmisch  ar.d 
FarohanV  ard  for  each  individual  eeason  of  the  years  sxaalned  the  mean  diurnal 
variations  (average  hourly  means)  of 

a)  watar  vapor  pressure  (e) 

b)  4  RP  value 

o)  potential  equivalent  teeperatnre  (Tp) 

d)  potential  gradient  (B)  (aa  in  pert  i  i  of  volume  II) 

e)  air  earth  current  (i)  (as  in  pe.t  A  2  of  volume  II) 

in  fins  weather,  and  that  again  in  graphs  end  tsblee. 

first  let  ua  look  at  tha  curves  of  station  Zugepltaei  we  notloe  that  the 

typioal  behaviour  cf  potential  gradient  (I)  end  air  earth  ourreot  (l),  whloh  is 

oaused 
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toy  exohange  in  the  afternoon,  jnly  oooure  In  neaeon*  whan  at  tha  lua  hour* 
of  day,  Tp  and  A  RT  a how  r ary  high  nazlaa  (consider  aoalaa  of  ordinataa!). 
Uaually  also  tha  aatar  rapor  praaaura  shows  a  simultaneous  maximum,  but  not 
alwayai  ao  it  would  appaos  that  it  la  laaa  suitable  for  examining  exohange 
problem*  than  tha  ;thar  .wo  meteorological  magnitudes  oonsidered.  In  winter, 
whan  potantial  gradient  and  air  aarth  ourrant  at  atatlon  Zugspltse  ahow  tha 
curraa  typical  of  raoorda  alao  of  arctle  or  ocaanio  atatlon*,  thara  la  no  pro- 
nouncad  maximum  in  tha  diurnal  curraa  of  Tp  and  A Hf»  not  awan  during  lnao- 
lation  tha  atatlon  la  raaohad  by  air  aaaaaa  froa  tha  layar  oaar  tha  ground. 

In  Oaralaoh.  pronounoad  aaxlna  of  KT  and  Tp  wara  found  In  all  aaaaona. 
Tha  Maxima  of  a,  if  azlatant,  ara  only  alight.  Tha  depression  of  tha  A Rf 
Ourra  found  within  tha  naTlaain  in  apring  and  In  euaaar,  sometimes  alao  in 
fall,  but  nawar  In  wlntar,  oust  ba  ragarded  a a  a  typloal  orltarlon  of  tha  ex- 
ohanga  balng  Juat  at  lta  oulalnation  and  carrying  up  and  away  from  tha  rail  ay 
part  of  tha  humidity  and  of  tha  nuclal.  Tha  oorrelat loo  between  tha  meteorolo- 
gloal  aagnitudaa  on  tha  ona  hand,  and  tha  atsoapharic  alaotrio  aagnltudaa  on 
tha  othar  hand  ara  not  aaaily  to  ba  ourreyed.  hor  tha  present  wa  can  atatai 

During  tha  ahowa  mentioned  dapraaalon  in  tha  maximum  of  tha  A EF  ourra, 
both  air  aarth  ourrant  and  potantial  gradient  are  lowered,  the  potential  gra¬ 
dient  remaining  much  higher  than  the  diurnal  naan  raJ  of  tha  raapaotlwa  eaa- 
aon  (thla  •  100  )C),  while  the  air  aarth  ourrant  goal  below  ita  diurnal  naan 
▼alua,  Tha  Tp  cum*  alwaya  are  strikingly  parallel  to  tha  potential  gradient 
ourwea. 

Tha  cume  of  atatlon  fkrohant.  beoeuae  of  looal  influanoaa,  oan  not  aaai¬ 
ly  ba  acaounted  for  as  yet. 

Tha  correlations  mentioned  in  aaotlon  16  are  intended  more  to  ba  preaented 
than  to  ba  analysed.  1  profwuader  analysis,  inoludlng  further  data,  whioh  are 
being  oollaotad,  will  ba  glean  later  on. 
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